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Toxicological studies on vermiculite have been limited.

Two Treported animal studies utilizing South African vermic-
" uylite failed to demonstrate tumeorigenic or fibrogenic poten-
tial when administered intrapleurally or by intratracheal

;:injection.30'31
When the term vermiculite is used in this paper, it will
 now refer to vermiculite ore contaminated with tremolite~ -

“actinolite unless otherwise stated.
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CHAPTER VI

INDUSTRIAL HYGIENE INFORMATION AND EXPLANATION OF EXPOSURE

*NDICES

The company bedan environmental sampling at their facil-
ity in 1972. Various types of sampling eguipment were used
to sample airborne fibers: (1) Bendix C-110 personal sample
£3600~10 at 1.8 to 2.0 LPM from 1972 to 1978; (2) Bendix
#3900-10 at 1.6 to 2.0 LPM from 1875 to 1978; {3) Msa
Meonitaire Model TD &t 1.8 to 2.0 1LPM from 1978 to present,
Before 1976, sampling was accomplished by "following the
operator” with a sampling device. Personal sampling, that
is the acseociate actually wearing the sampler, was first
initiated in 1976. The latter personal air sampling method
was noted by the company teo show higher exposure levels,

The company's current method for calculating TWA's is rea-
sonably accurate but does not allow for breaks, lunch time
or for a longer work day or work week.

Length of sampling times are summarized as follows:

1973 < 30 min.

1975 < €0 min.
1976 < €0 min.
1877 < 120 min.
1978 < 120 min.
1979 < 7.5 h.
198¢ < 7.5 h.
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Associates etmployed in tricnizing are exposed to various
concentrations of airborne fihers because they frequently

rotate jobs within the trionizing department. Plant and cen-

tral maintenance associates have varying airborne fiber expo-

this veriability, % hour-TWA exposure indices expressed as

fiber/cc/day were developed for each department. A scparate

—

index was devVeloped for exposure x 1973 and for > 1574 he-

cause there was a substantial reduction in airborne fiber

levels when improved environmental controls were instituted

during 1974. The use of regpiratcrs in the last three yvears

within certain areas of the plant was not taken into consid-

eration in development of the exposure index.

The industrial hygiene values used to estimate the 1973

znd before 1973 exposure index were mean fiber values for the

years <1873 cor the mean value from the year industrial hygiene

values were first available. The 1974 and after 1974 expo-

sure index was developed in a similar manner. Industrial

hygiene measurements were initiated at the company in 1972,

becoming more comprehensive in ensuing years. 2 rumber of

job positions lacked industrial hygiene measurements, but

they had limited exposure to vermiculite. The exposures were

felt to be similar to the area surrounding the plant {back-

ground level). In most likelihood the ¢ 19273 exposure index

Underestimates prior associste fiber exposure. Tableg 10 '

Ii sure dus to the requiremcnts of their positions., Because of
R
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through 17 summarize the methods used to develop the expo-

sure indices.

Table 1D reveals £ 1973 exposure indices in the trioniz-
ing process. Greatest exposures occurred for the expander
operator and employees working in the track area. Individg-
uals employed in the track area were estimated to spend 2.1%
of their time emptying xail cars and trucks of raw vermic-
ulite. Industrial hygiene measurements made at times when
the rail cars were emptied indicated extremely high but
transient fiber exposure on an average of 130.35 fiber/cc
for 10 minute period of measurement.

Table 11 lists > 1974 exposure indices for trionizing

HEEELEEERE®ERMS

:

area. A substantial reduction in exposure was apparent.

Tables 12 and 13 are < 1973 and > 1974 exposures for
plant maintenance. Highest exposure was present when work-
ing in the expander area estimated to be 12.3% ©of the time.

Table 14 relates values for central maintenance, Table
15 for packaging and Table 16 for warehouse and polyform.
The exposure for polyform was similar to the background
atmospheric exposure and was considered to be essentially no
fiber exposure.

Table 17 summarizes all the exposure indices for the
various jobs.

The locations with the highest airborne fiber exposure

are the expanding area and the track area. The process of
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CHAPTER I

INTRODUCTION

In 1978, Dr. John Prior of Ohio State University reported
what appeared to be an unusual number of cases of benign
pleural effusion in associates of a company in Ohio who were
involved in processing raw vermiculite ore to its expanded
form. The company reported this finding to the Environmental
Protection Agency (EPA) and Occupational Safety and Health
Administration (OSHA). Subsequently, an OSHA-initiated
survey conducted from November 29, 1978 to January 19, 1979
resulted in a preliminary report which suggested a higher
prevalence of abnormal pulmonary function tests and chest
X rays in vermiculite-exposed associates. Environmental’
sampling performed at this time was generally in compliance
with the Asbestos Standard. The medical report by the OSHA
consultant recommended more extensive studies in order to
document whether, in fact, the preliminary study was accurate.
The company contracted the Department of Environmental Health
at the University of Cincinnati College of Medicine to perform
a cross-sectional epidemiological medical survey of their
associates at their manufacturing plant. The on-site survey
was completed in June 1980. This thesis presents the results

of the study..
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Pleural effusions represent a very common and sometimes
difficult diagnostic problem. A routine evaluation usually
includes a clinical examination, appropriate blood test,
chest radiograph and laboratory studies of the pleural fluid.

If the etiology of the pleural effusion is still unknown,

the evaluation may then include a pleural biopsy and possible
open thoracotomy. However, the percentage of unknown etiologies
can still approach 20 percent at the completion of the above

listed diagnostic procedures.1

If patients with pleural effusion of undetermined etiologies
are followed longitudinally, the etiologies may become clear in
a significant percentage. Gunnels followed 27 cases of pleural
effusion of unknown etiology and established the diagnosis in
59 percent (16) within 2 years. The etiologies include:
malignancy, tuberculosis, pulmonary infarction, fungal infec-
tions, and fractured ribs.?

Viral pneumonias may be a more common cause of pleural
effusions than previously described. Fine did a prospective:
study to investigate the frequency of pleural effusions in
mycoplasma and viral pneumonia.3 Effusions were present in
20 percent of the cases of documented viral or mycoplasma
pneumonia. Comparable data was found in other studies.4
These viral related illnesses, however, are usually brief and
the effusions are not grossly bloody.

A list of major causes of pleural effusions has recently

been published by Turton (Table 1). While the most common





TABLE 1
COMMON CAUSES OF PLEURAL EFFUSIONS

Common bacterial pneumonia
secondary pleural carcinoma
cardiac failure
pulmonary . infarction

; Unusual tuberculosis
hypoproteinemia
associated pneumothorax
1ymphoma
associated subphrenic abscess
pancreatitis
rheumatoid arthritis
systemic lupus erythematosus
septicemia
pleural mesothelioma
fungal infection
viral infection
following myocardial infarction

Rare iatrogenic: methysergide, nitrofurantoin,
practolol

infectious mononucleosis
associated lung abscess
associated bronchiectasis
chronic lymphatic leukemia
myeloma and macroglobulinemia
asbestos exposure

amoebiasis

rheumatic fever

yellow nail syndrome

Meigs' syndrome

myxedema

sarcoidosis

familial Mediterranean fever






causes result from infections, heart failure or infarcation;
included as a rare cause for plgural effusion is "asbestos
exposure."5

Diffuse exudative pleural reaction following asbestos
exposure was first described by Eisenstadt in 1964.6 Since
this report, over 70 additional cases have been reported in

1,7-19 Clinically, benign asbestos pleurisy

the literature.
usually presents as a unilateral, but sometimes bilateral, -
serosanguinous pleural effusion. It may be associated with
pleural or lung parenchymal changes consistent with asbestos
exposure or alone as the only manifestation of asbestos expo-
sure. Symptoms can vary from minimal systemic reaction to

an acute illness with chest pain, fever and leukocytosis.

The pleural effusions can spontaneously resolve with no -
residual abnormalities, or there may be progression to chronic
pleural thickening with resultant restriction in lung expansion

20 In soume

and associated pulmonary function test impairwent.
cases there may be recurrent pleural effusions.
When performed, pleural biopsy material generally fails
to show asbestos bodies or fibers on light microscopy. Under-
lying lung tissue may show interstitial inflammation varying
from mild, low-grade inflammation to interstitial fibrosis
with obvious asbestos bodies present in the lung tissue. _The
reported interval between last asbestos exposure and develop-

ment of effusion varies from a few months to more than 30

years; the duration of exposure from 3 to 38 years. It is not
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known whether individuals with benign.pleural effusions are
more likely to develop malignant mesothelioma. There are
3 case reports in the literature of individuals with malig-
nant mesothelioma occurring 9 to 12 years after repeated
episodes of apparent "benign" pleural effusions.7’9
Benign asbestos pleurisy has been reported with amosite,
crocidolite, and chrysotile asbestos exposure.10 Anthophy;
lite exposure is associated with the highest rate of pleural
plagues. Crocidolite seems to be the most potent asbestos
for inducing malignant mesotheliomas, followed by amosite,

8,21 Information on quantitative asbestos

then chrysotile.
exposure and benign asbestos effusions is not available.
There are no reported cases of benign asbestos pleurisy

reported due to tremolite~-actinolite exposure.,





CHAPTER TI

1 CLINICAL HISTORIES OF THE REPORTED CASES OF BENIGN PLEURAL

EFFUSIONS

Over a 10-year period, beginning in 1970, 12 cases of
benign pleural effusions were identified among company
employees. Two of these 12 cases were identified after
completion of the on-site .epidemilogical study in June, 1980.

There were an additional two cases reported as having diffuse

? biiuteral interstitial fibrosis with no history of effusion.

Subsequent films revealed only bilateral pleural thickening.
i The employment and clinical data of the cases are summarized:

D.s.

D.S., currently a 44-year-old male, developed in 1970 at

age 33, symptoms of pleurisy with'shortness of breath over a
1-2 week period. He was hospitalized in July 1970 and found
to have "X ray changes on the left side." There were non-
specific changes reported on electrocardiogram. Examination
of the chest revealed basilar rales bilaterally with dullness
to percussion noted on the left side. He was discharged
after 6 days with the diagnosis of viral myocardiopathy. He
apparently made a full recovery.

When examined in 1980, D.S. had no complaints of dyspnea.
His chest physical examination was negative and chest radio-

graph, spirometry and carbon monoxide diffusion capacity were -

:
{
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within normal limits. He gave a 40-pack year history of
cigarette smoking.

D.S. worked at the company for 23 years including approx-~
imately 10 years in the trionizing area. Since 1969, he has
worked in plant maintenance. There is no previous employment
or known previous exposure to asbestos. His estimated total

fiber exposure is 23.1 fiber/cc/year.

NIB.

N.B. is a 53-year-old male who, in 1971 at age 43, noted
chest pain with low grade fever and associated shortness of
breath. The pain was pleuritic in character and was agéra—
vated by exertion. A chest radiograph obtained during hos-
pitalization in 1971 showed a left-sided pleural effusion.
After 11 days, he was discharged from the hospital with a
diagnosis of acute viral pneumonia.

When examined in 1980, N.B. reported shortness of
breath when walking on the level ground rapidly (Grade 1).
Inspiration crackles were heard on chest examination. There
was bilateral pleural thickening (B/2), and a left pleural
plagque (1/1) found on review of the 1980 chest X ray. Spi-
rometry showed mild airway obstruction. His CO diffusion
capacity was normal. He gave a 60-pack year history of
cigarette smoking.

N.B. worked at the company for 23 years including approx-
imately 1l years in the trionizing department. Since 1969,

he has been a supervisor in the polyform plant. He recently





returned to work in the trionizing plant as a second shift
superintendent. He was previously employed as a farmer

(7 years), press operator (1.5 years), material handler (6
months), buffer and polisher in a brass factory (9 months)
and as an elevator operator (4 months). He states he was
exposed to dust and fumes during some of his previous employ-
ment. However, there was no known previous exposure to

asbestos. His estimated fiber exposure is 17.2 fiber/cc/year.

M.V,

M.V. is a 43~year-old male who, in 1976, developed a
"flu~-like" illness at age 40, 6 weeks prior to hospitaliéation.
Three weeks prior to admission, he developed right-sided
pleuritic chest pain, daily temperature elevations to 100°F
and subsequent radiographic evidence of right-sided pleural
effusion. M.V. was hospitalized and eventually underwent a
thoracentesis with pleural biopsy. Approximately 600 cc of
grossly bloody pleural fluid was removed from his right chest.
Cultures for tuberculosis and bacteria were negative_as was
a tuberculin skin test. A chest radiograph revealed no under-
lying lung parenchymal abnormalities. Pleural biopsy revealed
inflammation and extensive fibrosis without evidgnce of gran-
uloma or malignancy.

Currently, M.V. seems to have made an uneventful recovery
without complaints referable to his previous pleural effusion

and fibrosis other than occasional sharp pain in the right





chest area. He had a 25-pack year history of cigarette
smoking. |

M.V. was a maintenance man in the fertilizer plant for
approximately 10 years. He was previously employed as an
automobile mechanic (2 years) and coin-operated machine
mechanic (2 years). He left the company in 1968 to start
his own heating and ventilation business. Total fiber/cc/

year exposure was 12.6.

D.G.

D.G. is a 49-year-old male who, in 1976 at age 44, devel-
oped left-sided pleuritic chest pain which lasted for one
month. He was hospitalized and found to have a left-sided
pleural effusion. A thoracentesis revealed serosanguinous
fluid with cytology negative for malignant cells. Routine
fungal and tuberculosis cultures were negative. A tuberculin
skin test was negative. D.G. made an uneventful recovery.
His chest radiographs showed clearing of his effusion.

As of 1980, D.G. reported no dyspnea. His chest examin-
ation, spirometry, CO diffusion capacity and chest radio-
graphs were considered normal. He gave an l8-pack year
history of cigarette smoking.

D.G. has worked at the company for 22 years. He spent
4 years in engineering and some 20 years in material plaﬁ-

ning. He worked in trionizing for only a few months. Total

fiber/cc/year exposure was 2.7.
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He previously was employed with the railroad (6 months),
post office (4 years) and as a quality control inspector (3

years). He had no known previous exposures to asbestos.

D.C.

D.C. is a 43-year-old male who developed coryza, cough,
dyspnea and decreasing appetite 5 months prior to hospital-
ization in 1977. A chest radiograph revealed bilateral
pleural effusion with lower lobe linear fibrosis. Pulmonary
function tests performed at this time revealed a restrictive
lung defect with no evidence of airway obstruction. A thora-
centesis revealed grossly bloody fluid and pleural biopsy
showed "chronic inflammation with fibrosis." There were no
granuloma or malignant cells noged. Because of decreased
exercise tolerance, a bilateral pleural decortication pro-
cedure was performed. The pathology of the pleural tissue
removed at surgery showed chronic inflammation with fibrosis.
There was no evidence of asbestos bodies noted by light
microscopy within lung parenchyma or pleural tiséue. No
asbestos pattern was found by x-ray diffraction of the
pleural tissue. D.C. noted significant improvement in his
respiratory symptoms after his surgical procedures. He had
a 25-pack year history of cigarette smoking.

D.C. worked for the company for 6 years, rotating thrbugh
a series of jobs, mostly in the trionizing area. Total fiber/

cc/year exposure was 9.0. He previously was employed in a
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steel mill and worked as a bartender, electrician helper and

security guard.

L.G.

L.G. is a 47-year-old male who developed fatigue, cough,
shortness of breath, and night sweats at age 44, a few months
prior to hospitalization in 1977. He incidentally sustained.
a knee injury which required hospitalization. A routine
chest radiograph taken at this time revealed a right-sided
pleural effusion. A thoracentesis produced a large amount
of bloody fluid that was negative on cytology for malignant
cells. Routine fungal and all tuberculosis cultures were
negative. A tuberculosis skin test was positive. Pleural
biopsy showed "chronic inflammation with fibrosis." Fiber-
optic bronchoscopy was negative. A pleural decortication
was performed with removal of a thick fibrinous peel from
the right visceral and parietal pleura. Pathological exam-
ination of this surgically removed tissue whowed inflammation
and fibrosis. He has a 45-pack year history of cigarette
smoking.

L.G. worked for the company for 10 years in central
maintenance and in the trionizing plant for 4 years. He
retired in 1979 because of a cardiac condition. Total
fiber/cc/year exposure was estimated at 7.4. He was pre-i

viously employed in the ceraminc floor tile and floor cover-

ings business.





H.J.

————

H.J. is a 55-year-old male who, in 1977 at age 51, devel-

oped a several-month history of right anterior chest pain.
On the evening prior to hospital admission, he developed
severe right anterior chest pain with shortness of breath.
On hospitalization, a chest radiograph revealed an extensive
pleural effusion on the right side. There was grossly blooay
fluid on thoracentesis. The fluid was negative on routine
and tuberculosis cultures and no malignant cells were seen
on cytology. Pulmonary angiogram and bronchoscopy were
normal. Pleural biopsy reported nonspecific inflammatién
with extensive fibrosis. A chest tube was inserted to
remove a liter of grossly bloody fluid. Following this,"the
patient made a rapid recovery. )

As of 1980, his chest radiograph revealed blunting of the
right CPA and he reported Grade 1‘dyspnea. His chest examin-
ation, spirometry and CO diffusion capacity were within
normal limits.

H.J. worked 13 years in the trionizing area. Total fiber/

cc/year exposure was 13.8. Prior to this he was a farmer for

12 years. He has had no known previous exposure to asbestos.

D.S.
D.S. is a 59-year-o0ld male who, at age 55 in 1977, was
noted to show on routine chest radiograph "diffuse bilateral

pulmonary fibrosis" of a linear nature with accentuation in
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the pasilar regions. He reported a moderately productive
cough without dyspnea on exertion. A friction rub was
noted on physical examination.

As of 1980, D.S. showed bilateral pleural thickening on
chest X ray (A/l). Spirometry indicated moderate airway
obstruction. His CO diffusion capacity was reduced to 55%
of predicted. His chest physical examination was negative;
he reported no dyspnea in 1980. He gave a 40-pack year
history of cigarette smoking.

D.S. worked in trionizing for 8 years and 5 years in
plant maintenance. Total fiber/cc/year exposure is 9.7.
Prior to this, he was a machinist for another company (27

years). He has no known previous exposure to asbestos.

+

D.R.
D.R. currently is a 49-year-old male evaluated in 1977
at age 47 because of an abnormal chest radiograph. He denied
cough, sputum production, pleurisy or dyspnea on exertion.
Chest examination reported bilateral dullness to percussion
over the posterior lateral chest walls. There were rales
noted on chest auscultation. Chest radiograph taken in
January 1977 showed bilateral thickening; There was costo-
phrenic angle blunting and "rather diffuse minimal fibros;s
throughout the lungs."

When examined in 1980, D.R. had rales heéard on chest

auscultation, crackles and clubbing of the fingers noted.
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There was bilateral pleural thickening (C/2) found on chest
radiograph. A mild restrictive pattern was seen on spirom-
etry. He reported no dyspnea; his CO diffusion capacity was
normal. He gave a l0~-pack history of cigarette smoking.

D.R. has worked for the company for the past 22 years, in
central maintenance for l2 years, packaging 4 years, and in
research 6 years. Total fiber/cc/year exposure is 4.0. He
previously worked in a grain elevator (1 year) and as a
farmer (5 years). He has had no known previous exposures to

asbestos.

D.P.

D.P., a 55-year-o0ld male, was found to have a right-
sided pleural effusion in 1978 at the age of 52. He denieﬁ
symptoms other than a mild cough. A thoracentesis revealéd
a bloody pleural effusion with fluid negative on cytology
for malignant cells. A pleural biopsy indicated "chronic
inflammation with fibrosis.” A tuberculin skin test was
negative. D.P. made an uneventful recovery and experienced
only occasional "pulling" in his right anterior chest wall.

When examined in 1980, D.P. showed evidence of mild
obstructive airway disease on spirometry. He reported no
dyspnea and his chest physical examination, radiograph, and
CO diffusion capacity were all normal.

D.P. worked 23 years for the company in the trionizing

area, and one year in packaging. He previously was employed
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on a farm and has no known previous exposures to asbestos.

Total fiber/cc/year exposure is 25.4.

F.O.

F.0. is a 32-year-old male who, in 1978 at age 29, was
discovered to have a small right-sided pleural "effusion or
reaction" on a routine chest radiograph. He complained of
mild dyspnea with strenuous exertion and a mild, productive
cough. A repeat film obtained 7 months later showed complete
resolution of this pleural process.

When examined in 1980, F.0. showed bilateral costo-
phrenic angle blunting on chest radiograph. He indicated
no dyspnea and his chest examination, spirometry and CO
diffusion capacity were normal. He reported a l5-pack year
history of cigarette smoking. ‘

F.0. worked for the company for 9 years, the majority in
the trionizing area or plant maintenance. Total fiber/cc/
year exposure is 5.7. He was previously employed in a car
body shop (1 year), and as a lab technician (2 years). He

has had no known previous exposures to asbestos.

T.C.

T.C. is a 48~year-o0ld male who, in 1979 at age 46, devel-
oped right-sided pleuritic chest pain. On hospitalization,
a chest X ray showed a small right pleural effusion which
was exudate in nature on thoracentesis. Routine fungal and

tuberculosis cultures were negative. Review of a chest
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radiograph taken 3 weeks prior to hospital admission showed
an even'larger amount of fluid at the right base. T.C. had
an uneventful recovery.

In 1980, examination of T.C. revealed inspiratory crack-
les on chest physical examination. There was blunting of
the right costophrenic angle on chest X ray. Spirometry
showed evidence of mild airway obstruction. T.C. reported
no dyspnea; his CO diffusion capacity was normal. He had a
30~-pack year history of cigarette smoking.

T.C. worked for the company for 15 years, 9 years in the
warehouse, 2 years in plant maintenance, and 4 years in poly-
form. He worked in the trioniziﬁg area as a plant mainten-
ance man and during slow periods in other parts of the plant.
. Total fiber/cc/year exposure is estimated at 3.7. He pre-
viously was employed as a construction worker (l year), punch
press operator (2 years), sheet metal welder (7 years),
laborer (2 years), and general laborer (5 years). He had no

known exposure to asbestos during his previous employment.

J.R.
J.R. is a 49-year~old male who was found to have a right-
sided pleural effusion on a routine annual chest radiograph
taken in November 1980. The effusion was small and no thora-
centesis was performed. J.R. apparently reported no sympﬁoms.
The discovery of this case of pleural effusion occurred after

completion of the cross-sectional study. J.R. had no dyspnea

and his chest physical examination was reported as normal.





- b om

17

His chest radiography, spirometry and CO diffusion capacity
were all normal. The status of his PPD is not known. He
does not smoke cigarettes.

J.R. worked in central maintenance for 9 years. Previously
he was a welder (l12.5 years) and a farmer. Total fiber/cc/
year exposure is 1.8. He claims no known asbestos exposure

during previous employment.

D.A.

D.A., a 46-year-old male, was hospitalized in January of
1981 bacause of a pleural effusion. This was preceeded by’
an upper respiratory infection in December 1980. The pleural
fluid was found to be serosanguinous on thoracentesis. There
was no evidence of bacterial or tubegculosis infection. A
pleural biopsy was essentially negative for neoplasm or gran-
ulomatous disease, but there was extensive pleural fibrosis.
In April 1981, a chest X ray showed an enlarged heart sugges-
ting a pericardial effusion.

D.A.'s pleural effusion was discovered after complétion
of the cross-sectional study. However, when we examined him
in 1980, he had crackles on chest physical examination.
Spirometry showed mild restrictive lung defect. He reported
no symptoms of dyspnea. His chest radiograph, in 1980, was

reported as being normal. He gave a 40-pack year history of

cigarette smoking.
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D.A. has worked in the company warehouse for the last 9

years. Prior to this there was an occupational exposure to
glue for 5 years at a shoe factory; he worked as a sander in
a glass factory (1 year), truck driver (8 years), janitor (1
year) and a press operator(4 years). Total fiber/cc/year
exposure was estimated to be 1.0 at Scott. He claims to

have been exposed to numerous types of dust during previous
employments, He also claims exposure to asbestos insulation
from spraying asbestos cement products and from new construq—

tion work.

Characteristics of the 12 Pleural Effusion Cases

The employment, clinical and laboratory data of the 12
cases of pleural effusion are summarized in Tables 2-6 (these
tables do not include the 2 cases originally reported as
having interstitial changes only with no documented effusions).
Review of individual cases suggest 2 could be due to infec-
tious causes, while 10 were consistent with the diagnosis of
asbestos pleural effusion. Two associates had develépment
of such severe pleural thickening that pleural decortication
was required. One associate had pleural tissue analyzed by
x-ray diffraction (performed at the Kettering Laboratory,
University of Cincinnati) which revealed no asbestos pattern
or excessive amounts of quartz.

Table 2 summarizes information on the 12 cases indicating

all were men generally in their early 40's or late 30's when
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pleural effusions were first noted. They had been employed
an average of 15 years.

Table 3 indicates an average of 13 years from beginning
employment to subsequent discovery of pleural effusion with
a range of 6-20 years. Average estimated cummulative expo-
sures of the group was 10.3 fiber/cc/year, with a range of
1.0 to 25.4 fiber/cc/year.

Table 4 lists the year when the pleural effusions were
detected, most were identified after 1975.

Table provides reported symptoms in the 12 subjects as
well as characteristics of the pleural effusion when
examined in 7 persons. The majority of subjects were
symptomatic, only 1l reported no symptoms. Chest pain was a
major complaint, followed by cougﬁ and shortness of breath
(SOB). The pleural effusions characteristically were bloody,
having a high protein content and predominance of mononuclear
cells.

As indicated in Table 6, the majority of the pleural
effusions were right sided. 1In only 1 case was there an
associated X ray evidence of. interstitial fibrosis. Pleural
biopsy was performed in 6 cases, which, ineach case, revealed

an inflammatory reponse or the presence of fibrosis.






TABLE 2

VERMICULITE EXPOSED WORKERS WITH PLEURAL EFFUSIONS

Current Age (yrs)

Number of Age at Diagnosis (yrs) Years Employment (total)
Subjects Mean Range Mean Range Mean Range
12 W7 32-55 43 29-52 15 6-23






TABLE 3

VERMICULITE EXPOSED WORKERS WITH PLEURAL EFFUSIONS

INTERVAL INITIAL EMPLOYMENT® FIBER/ CC/YR EXPOSURE .
Mean Range Mean Range
13 6-20 10.3 1.0 - 25.4

*Interval between initial employment and onset of pleural
effusion.

N
o






VERMICULITE EXPOSED WORKERS WITH PLEURAL EFFUSIONS

TABLE 4

YEAR DIAGNOSIS MADE

69-71

72-74

75-77

78-81
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TABLE 5

*
VERMICULITE EXPOSED WORKERS WITH PLEURAL EFFUSIONS

SYMPTOMS ** PLEURAL EFFUSION CHARACTER ***
Chest WBC Protein Mononuclear
Pain Fever Cough SOB Blood > 1000 >2.5 gm Cells » 50%
8 L 6 6 J 6 5 T 5

* The employee's symptoms and the characteristich of the effusions were not reported in all cases
¥% One employee had no symptoms
¥%¥ Results of pleural-fluid analysis available in only 7 employees






TABLE 6

VERMICULITE EXPOSED WORKERS WITH PLEURAL EFFUSIONS

Location of Effusion* Presence of Interstitial Fibrosis Pleural Biopsy**
Right Left Bilateral
T 3 1 1 6

¥ The site of the effusion was not reported inone case.

% Tnflammation and/or fibrosis demonstrated on pathologic examination of pleural tissue of
those examined.

144
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CHAPTER III

DISCRIPTION OF MANUFACTURING PROCESS

The company, located in Ohio, manufactures fertilizer
and lawn-care products. The fertilizer plant utilizing
vermiculite as a carrier was completed in 1956 and put into
production in 1957. Vermiculite was not utilized by any of
the company's facilities before 1957. The polyform fertilizer
plant, completed in 1969, is a separate facility located 1/4
mile away. The research and development section, also a
separate facility, is 1/4 mile from the main plant. The
company's facilities can be divided into 8 main departments:
trionizing, polyform, packaging, warehouse, plant maintenance,
central maintenance, research and de;elopment, and front
offices. A total of approximately 530 associates are
employed in these areas. Approximately 232 employees are
involved in production and packaging of vermiculite contain-
ing fertilizer. An additional 99 employees are involved in
plant and central maintenance. Workers tend to rotate jobs
within departments, but generally do not rotate between
different departments.

The company manufactures most of their fertilizer during

the winter months. Employees generally work 8-10 hours a
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day with every third weekend off (October through March).

In the early fall and late spring, associates generally work
a 40-hour week. During the summer, trionizing and polyform

operators frequently take vacation or work in other depart-

ments.

The trionizing section of the plant is divided into dif-
ferent areas: track area, expanders, feeders, blender, resin,
dryers, screen and sizing. The raw vermiculite ore is first
unloaded from rail cars or trucks and into a floor feed stor-
age hopper. The ore is then transported to one of eight
expander furnaces where it is expanded (exfoliated). The
unexpanded portion is removed by a separator screen. The
expanded vermiculite ore is combined with various materials
such as urea formaldehyde, potash,' or herbicides. After
blending, the ore is dried, sized, screened, packaged and
stored. Figure 1 diagrammatically summarizes the trionizing
process.

The type of vermiculite expander was modified in the
1960's with an apparent decrease in airborne dust. 1In 1967,
dust collector equipment was installed with ongoing modifi-
cation from 1967 to 1972. The modifications and improvements
in process operations and environmental controls have resul-
ted in marked improved industrial hygiene conditions since

1974.






Figure 1
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CHAPTER IV

DESCRIPTION OF RAW MATERIALS

The company incorporates numerous. materials in the manu-
facture of their products. A complete listing of these mate-
rials is available in the annual "Raw Materials -~ Industrial
Hygiene and Toxicology." There have been numerous deletions
and additions to this list in the past several years. No
listings are available before 1966. The 1978 OSHA industrial
hygiene survey found exposure limits for thiram, 2,4-D, dia-
zinon, sulfuric acid, formaldehyde and ammonia to be in the
permissible range. The following is a list of raw materials
used at the company that could possibly produce pulmonary

changes under certain conditions.

)

1. Ammonium hydroxide NH4OH - a highly caustic agent that
can cause acute lower airway injury, pulmonary edema and
even death.

2. Attapulgite Clay - a magnesium aluminum silicate - exists
in fibrous form. The effects of human inhalation is not
known.

3. Benomyl (Benlate) 50W - slowly breaks down in presence

of heat, water or acids, releasing butyl isocyanate.

4, Brilliant Green Crystals - information on composition-
not available.
5. Corncobs - used as a carrier. Long-term health effects

of the inhalation of this organic dust is not known.





9.
10.

sure is currently being done.

.29

Frit - S04 (SOg) - oxides, sulfates, and frits of minor
elements plus sodium borate. Iron, zinc, manganese,
copper, boron and molybdenum.

Hi-Sil 233 -~ a hydrated silica 87% Si0O2. The material
is amorphous, noncrystalline, but may be converted to
crystalline form of silica with application of high
temperature.

Sodium hydroxide (caustic soda) - inhalation of this
material can cause mild to severe damage to the lower
airway including acute pneumonitis with pulmonary edema.
Sulfuric acid - can cause lower respiratory irritation.
Urea - formaldehyde concentrate ~ irritant to lower
respiratory tract. May be involved as sensitizer with
resultant asthmatic condition. Irritation of high con-

centration can cause chemical pneumonitis.

The majority of the materials listed above cause acute

pulmonary injury when present in high concentrations. The
breakdown product of Benomyl (isocyanate and urea-fofmalde-
hyde may be pulmonary sensitizers which result in an asth-
matic condition. Attapulgite is a fibrous mineral with
dimensions similar to asbestiform minerals. An epidemio--

logical study of the pulmonary effects of attapulgite expo-

22
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The effects of combination exposures are not known.
Fibers and particulite matter may act as carriers for gases,
fumes or chemicals with resultant deeper penetration of the

potentially toxic material into the lung.
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CHAPTER V

MINERALOGY OF VERMICULITE

Vermiculite is the geological name given to a group of
hydrated laminar aluminum-iron-magnesium silicates. Nine-
teen varieties of this mineral have been identified. Ver-
miculite has a crystalline structure similar to mice and
biotite, but can expand or exfoliate up to 20 times its
original size with the application of heat between 300 and
1,500 degrees Fahrenheit. This expanding property results
from the conversion of intrinsic water to steam. As it
expands, vermiculite becomes curved or "worm-like", hence

the name from vermicular meaning to produce worms.z:‘,'-25

Chemical analysis of unéxpanded vermiculite is shown in
Table 7.

The insulating ané faire resistant propefties‘of vermic-
ulite make it useful for various commercial applications.
These uses include: aggregates in cement, plaster and hard
boards, fillers in plastics, rubber, roofing and flooring
material, and as carriers for seeds, herbicides, insecti-
cides, fungicides and fertilizers. Vermiculite is used as
a soil addi;ive and as a bulking agent in animal feed. The
company utilizes expanded vermiculite as a carrier for
fertilizers, herbicides, fungicides and insecticides.

The main commercial sources for vermiculite are Montana,

Virginia, South Carolina, and South Africa. Accessory





TJABLE 7

CHEMICAL ANALYSIS OF UMEXFOLIATED VERMICULITE

Type or Source of Material

Theoretical Libby Palabora, West Chester

vermiculite Mont. South Pa. (Jeffer-
! Africa isite)
' Si0p 36.7) 0.0 39.37 34.30
Ti0, | eeees ————— 1.25 ]| eece-
AZ204 14.75 13.0 12.08 16.58
Fez03 4.43 7.0 5.45 7.4)
FeQ e 1.17 1.13
MnO SO . .30 S
Mg0 24.62 21,0 23.37 20.41
Ca0 c-eme 1.0 1.46 —————-
Na,0 —eee- 1.0 80 | --e--

K0 ———ee 1.0 2.46 D -

- Ha0 at 150° C 20.09 1.0 .20 21.14

From Otis, L.M.2%






Sources of Vermiculite

Tons (x 1000)

Montana
Africa

Virginia

70 1 2 3 4 5 6 7 8 9 8

1970 to 1980

Figure 2

Plant utﬂization of various sources of vermiculite, 1970-1980.
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TABLE 8

X-RAY DIFFRACTION ANALYSIS OF VERMICULITE

SOURCE TREMOLITE (%) CHRYSOTILE (%) CROCIDOLITE (%)
GST C=C GST CEC GST CEC
AFRICAN )
Raw Ore <0.5 <0.5 <10 2.0 - 6~10
Ex:parded uD 0.0 rD 0.5 -~V <s5.0
Sand KD <0.5 <10 1.0 - <5.0
MONTANA
Raw Ore 1-4 <0.5 ND <0.5 - 14-24
Expanded ND <0.5 ND <0.5 - 5.0
Sand ND <0.5 ND <0.5 - <5.0
END PRODUCT ND <0.5 ND <0.5 - <5.0 "
ND - Not detected .

GST -~ Gulf Science & Technology Company
Medical Division
P.O. Box 3240 )
Pittsburgh, Pa. 15230

CEC - Clayvton Environmental Consultants, Inc.
Southfield, Michican 48075
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minerals in the deposits include: quartz, feldspar, apatite,
corundum, chlorite, talc, clay and asbestiform minerals.23"26
Identification of these asbestiform minerals has been a prob-
lem. The company purchased most of their vermiculite from
the Grace Mine in Libby, Montana until 1979. They have since
discontinued using Montana ore and have switched to South
African and Virginian ore. A small amount of South Carolina
ore was utilized beginning in 1978. Figure 2 depicts the
plant utilization of the various sources of vermiculite.

Before 1977, the company contracted Gulf Science and
Technology Company and Clayton Environmental Consultants,
Inc. to analyze bulk samples of vermiculite for asbestiform
minerals. The results of these initial analyses of Montané
and South African ores are shown in &able 8. The two differ-
ent laboratory analyses gave contradicting results suggesting
the presence of tremolite, chrysotile and crocidolite asbes-~
tos. Because of these contradicting results, additional
analyses of ores was done by W.C. McCrone Associates, Chicago
Illinois. The results of 12 separate analyses, performed
over a 3-year period are shown in Table 9.

The McCrone data on the asbestiform mineral content of
vermiculite suggested the ore from North America was con-
taminated with tremolite~actinolite. The tremolite-actino-
lite in the Virginia and North Carolina ore was designated

as being the nonasbestiform type.






The South African ore does not appear to be contaminated

with asbestiform minerals. Chrysotile fibers, which were
previously identified in South African ore using x-ray dif-
fraction were not found when reexamined by polarized light
microscopy with dispersion staining. The McCrone analyses
agree with analyses of South African ore by the Ontario
Research Foundation. The latter examination used scanning
electron microscopy with energy dispersive x-ray analysis
and transmission electron microscopy with selected area
electron diffraction. The previously identified chrysotile-
like fibers in South African ore could have been rolled up
scrolls of vermiculite. Scrolls show tubular morphology.and
tend to form bundles similar to chrysotile asbestos. The
transition to scroll configuration involves proportional
reduction of magnesium and aluminum concentrations relative
to silicon concentration.27
The Montana ores are reported to contain easily recog-
nizable fibrous tremolite when observed even by hand speci-
mens. Airborne dust samples from the Montana source viewed

under phase contrast microscopy revealed numerous fibers

believed to be tremolite. Electron microscopy of the

Montana ore has also revealed the presence of apparent chrys-

28 Interestingly, a recently published repoft

29

otile fibers.

describes vermiculite altering to chrysotile.





TABLE 9
ANALYSIS BY W. C. McCRONE ASSOCIATES, CHICAGO, ILLINOIS
Levels of tremolite-actinolite asbestes by percent weight of bulk
sanrles cf unexpanded verxmiculite ores. Analysis by polarized

light microscopy with dispersion staininc.

Date Virainie " Montana South Carolina
10/78 - 0.063-0.126* 0.051-0.102
1/7¢ n.65 ——
5/7%5 0.035 Trace
6/79 0 ——
1/79 0.0074
0.0064 ——
Trace
1/80 0.203 -0.41 0.205-0.41*

0.04 =0.08%*»
6/80 0.013 -0.026 0.006-0.112
0.025 -0.050

7/80 0.159 -0.23 0.015+
0.0235-0.047

10/80 0.031 -0.075
1/81 0.115 -0.21
6/81 0.36 -0.68
8/81 0.195 -0.39

Mean =  0.105 -0.164  0.072-0.166
S = 0.172 -0.228  0.092-0.170
Range 0 -0.68 0.006-041

The tremolite-actinolite founé in 2 sample of the Montana ore
and alrmost 21l of the Virginia cre was of the massive variety.
Huch cf it, however, was cleaved to form fragments with aspect
ratios of 3:1 or greatcr

*Tremolite-actinclite present as ashestiform
**The =100 fraction had tremolite-actinolite present as asbes-
tifcrm.

37
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TABLE 10
< 1573 EXPOSURE INDEX

TRIONIZING
g Time X mean 8 hr-TWA (yr) = Fiber/cc/day
E Expander M 8.18 (73) 0.900
.. Blender a1 0.018 (77) 0.002
Feeder A1 0.017 (80) 0.002
Resin .11 0.098 (79) 0.011
Dryer .22 0.2 (73) 0.044
Screen/Mill .11 0.109 (77) 0.012
Track Area .11 x .50 x 3.81 (76) 0.210
.11 x .021 x 130.35 (76) 0.301
A1 x .479 x  0.109(77) 0.006
0.5i7*
Clean up .11 , 0.213 .0.023**
Total “1.511

* fLssociates working in the Track Area spent 2.1% of that time emptying
rail cars or trucks of vermiculite. Ten-minute ceiling levels were
130.35 fiber/cc.  47.9% of the time was spent in the Screen/Mill Area.

** Clean-up 8 hr-TWA was mean of other industrial hygiene measurements.

YL L





TABLE 11

> 1974 EXPOSURE INDEX

TRIONIZING
Time "X mean 8 hr-TWA (yr)= Fiber/cc/day

Expander .11 .488 (76- 0.054
80)

Blender .11 .113 (77~ 0.012
78)

Feeder .11 .017 (80) 0.002

Resin A1 .098 (74) 0.011

Dryer .22 .061 (77~ 0.013
79)

Screen/Mill .11 .128 (77- 0.014
78)

Track Area .11 X .50 x 3.81 (76) 0.210

.11 x .021 x 19.87 (77- 0.046
80)

.11 X 479 x .128 (77~ 0.007
78)

0.263*
Clean-up .11 .053 0.006*%*
Total 0.375

*Associates working in the Track Area spent 2.1% of that
time emptying rail cars or trucks of vermiculite. Ten-
minute ceiling levels were 19.37 fiber/cc. 47.9% of
the time was spent in the Screen/Mill area.

**Clean-up 8hr~TWA was mean of other industrial hygiene
measurements.
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TABLE 14

< 1973 EXPOSURE INDEX

CENTRAL MAINTEWANCE

Time X Mean 8 hr.-TWA (yr) = Fiber/cc/day

Trionizing .25 1.511*% (73) 0.378
Outside .75 0.049%* (77) 0.037
0.415

> 1974 EXPOSURE INDEX

CENTRAL MAINTENANCE
Trionizing .25 ‘ 0.375* (76~ 0.094

80)

Outside .75 0.049%%(77) 0.037

[6-.131]

;_A‘{t&

-k
e
EN :p‘@

*Calculated exposure index for trionizing area

**Mean level of fiber/cc in area surrounding the main plant.
The seed plant, research, and front office area was
counted as similar to working outside of the plant.






TABLE 15

< 1973 EXPOSURE INDEX

PACKAGING
Time X Mean 8 hr-TWA(yr) = Fiber/cc/day
1.00 0.25 (72-77) 0.25

> 1974 EXPOSURE INDEX

PACKAGING
1.00 0.031 (77-79) 0.031






TABLE 17

SUMMARY EXPOSURE INDEX

(fiber/cc/day)

<1973 21974
Trionizing 1.511 0.375
Polyform 0.049 0.049
Packaging . 0.250 0.031
Warehouse 0.110 0.110
Plant iMaincenance 1.264 0.212
Research 0.049 0.049
Front Office 0.049 0.049
Pilot Plant 1.264 (same as plant 0.212

maintenance)

Central Maintenance 0.415 0.131

49
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opening rail cars in the track area and unloading vermicu-
lite generated very high levels of fibers. This appeared _
dependent on the source of the vermiculite ore. Airborne
fiber concentrations unloading Montana ore were substan-
tially higher than unloading Virginia ore (102.9 fiber/cc
S5-minute sample vs 2.88 fiber/cc 5-minute sample recorded
6/80). Additionally, variation in fiber counts occurred
with the same vermiculite source. For example, fiber
count while unloading Montana ore in October 1979 was 4.67
fiber/cc measured for a l2-minute period compared to much
- higher values previously. Part of this variation may be
due to the longer sampling period. Fiber sampling for
longer than 5 minutes generally resulted in lower values.
In order to correct for differences in sampling time,
Figure 3 reveals maximum fiber levels while unloading rail-
road cars as based on a 15fminute sampling time. In general,
fiber counts during unloading were higher with Montana ore.
Airborne fiber concentrations in the expander area are
influenced by both the vermiculite ore source and the num-
ber of expanders in operation. Fiber levels increased
during expander start-up and with more expanders running.
This is illustrated in Figure 4. Figure 5 shows values for
eight (8) hour TWA fiber exposure for expander operators.
Significant reductions occurred after 1974. Gravimetric
measurements forAtotal airborne dust is limited, but gen-

erally decreased after 1974 (Figure 6).





Fiber Ceiling Levels while Unlocaing Railroad Cars
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Figure 3
Measurement of peak concentrations of fibers occurring when
unloading railroad cars containing vermiculite. Fiber counts
H are depicted as fiber/cc for a 15-minute sampling time.
! Highest value not shown on Figure was 34.3 fiber/cc.
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GCA Continuous Fibrous Aerosol Monitor (1980)

Expander Area
Two One

Exponders Exponder
Running Running

25 i+

Expanders off

{

20 -

Averoge fiber/cc

mean fibers/cc for each 20 minute period

" o034

|

25
Hours
Figure 4

Example of record of measurement obtained from GCA continuous
fibrous aerosol monitor in the expander area.





Exponder Operator (Bhr TWA)
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Eight hour THA personal air sampling for measurements of airborne

fiber exposure for the expander operators, 1973-1980.
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Eight hour TWA total dust measurements in various locations in
the trionizing area, 1972-1978.
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CHAPTER VII

COMPOSITION OF AIRBORNE FIBERS

Analysis of the airborne fibers obtained through indus-
trial hygiene sampling is limited. In June 1977, W.C.
McCrone Associates, Chicago, Illinois analyzed fibers from
3 collecting filters. They reported 1 sample containing
mainly actinolife asbestos fibers using electron micro-
scopy microprobe analysis with selected area electron dif-
fraction and electron probe techniques. Asbestiform fibers
could not be identified in the other 2 samples. In 1979,
OSHA Analytical Laboratory in Salt Lake City, Utah, analyzed
12 fibers from airborne samples from the company (Appendix
I). Five were determined to be in the tremolite-actinolite
series using selected area diffraction morphology, and
elemental composition by x-ray dispersion analysis. Four
fibers lacked good x-ray dispersion data but appeared to be
in the tremolite-actinolite series; 3 fibers belonged to the
vermicuiite group. Other types of fibers identified during
the 1979 OSHA survey were small amounts of fibrous glass
and plant fibers (Sample A-16475). In Apri1.1981, NIOSH
analyzed samples from 4 collecting filters for fiber count
utilizing phase contrast microscopy and electron microscopy
analysis. NIOSH identified tremolite fibers in all samples

(See Appendix II).





Factors involved in determining associate exposures to

airborne fiber concentration can be summarized as follows:

(1) changes in manufacturing process; (2) installation of

environmental control equipment; (3) number of vermiculite
expanders in operation; (4) source of vermiculite ore;

(5) percentage of airborne fibers which are asbestiform;

(6) job location; and (7) use of a respirator in designated

areas.





CHAPTER VIII

METHODS USED IN CONDUCTING THE EPIDEMIOLOGIC STUDY

The cross-sectional epidemiologic study was designed to
determine whether there was a greater prevalence of pulmon-
ary abnormalities in those employees exposed to vermiculite
(contaminated with tremolite-actinolite). Since the prev-
alence of pleural effusion could not be studied directly,
it is necessary to examine the working population for the
existence of corroborative evidence of pleural disease.
This investigation addressed the prevalence of current
identified pleural abnormalities and the pfevalence of cer-
tain symptoms such as pleuritic chest pain. In addition,
the 12 cases of pleural effusions were reviewed for possible
etiologies, and evaluated for existence of common denomina-
tors. Evidence from the medical literature was reviewed to

provide corroborating information.

Questionnaire

All associates were interviewed by trained personnel
using a modified American Thoracic Society Respiratory

32 (Appendix III). The major modifications of

Questionnaire
the questionnaire were the inclusion of an extensive review
of previous employment in relatiénship to asbestos and ‘
other fibrous mineral exposure, guestions documenting time

employed within various locations in the company facility,

and a question concerning pleuritic chest pain.





Spirometry

Spirometer studies were performgd using an Ohio Medical-
822 (Pine Brook, New Jersey) dry rolling seal spirometer
with a Spirotech 200 microprocessor (Spirotech, Inc.,
Atlanta, Georgia). Spirometry was accomplished according to
the American Thoracic Society criteria using trained person-

32 pssociates were retested at a later date if they had

nel.
a respiratory infection within the preceding 3 weeks. Indi-
viduals tested were studied seated and wearing a noseclip.
All forced expiratory maneuvers were repeated until there
were at least 2 acceptable tests within 5 percent of each
other. All results were temperature corrected to BTPS.
Tests performed were forced vital capacity (FVC); forced
expiratory volume in one second (FEV-1l); ration of forced
expiratory volume in one second (FEV-1) to FVC, expressed as
percentage (FEV-1/FVC%); and forced expiratory flow during
the middle half of the FVC (FEFys5.75). Result was expressed
as percentage of predicted normal values using the normal

values of Knudson and co-worke_rs.33

Lung Diffusing Capacity of Carbon Monoxide

Single breath carbon monoxide diffusing capacity (DLcoshb)
alveolar vo;ume (VaA), and DL/VA were performed using a
Collins Modular Lung Analyzer (Warren E. Collins Co.,
Braintree, Mass.). All diffusion measurements were conduc-

ted according to American Thoracic Society criteria using





32

trained technicians™. Height was measured to the nearest
inch without shoes. Associates are retested later if they
had a respiratory infection within the preceding 3 weeks or
smoked within 1 hour prior to testing. Tests were accomp-
lished in a sitting position with a noseclip. Repeat tests
were performed after a minimum of a 5-minute wait. Diffusion
studies were accepted only if the inspired volume (Vi) was
within 10 percent of the best FVC (ATPS). Acceptable breath-
holding time was between 8 to 12 seconds. Value of DLcosp
(ml CO ([STPD]/min/mmHg) and DL/VA (ml CO ([STPD]/min/mmHg/L
(BTPS]) used were the means of 2 acceptable values within 7%
of each other. DLcosph was expressed as a percentage of pre-
dicted normal values using the predicted normals of Samet
and co-workers:34

Dsb (males) = 19.93 + 0.250 Ht. inches ~ .177 age

Dsb (females) = 7.72 + 0.284 Ht. inches - .1l17 age

The spirometer was calibrated using a 2 liter syringe
for volume and a stopwatch for time at the beginning of each
day and after 3 hours during use. A slow (5-7 second) and
fast 1-2 second) volume test was used when calibrating. The

diffusion carbon monoxide analyzer and helium meter were

checked daily and every 3 hours during use.

Chest X rays

Chest radiographs were taken in the posteroanterior pro-

jection at a local hospital. Acceptable X rays were those
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obtained within 1 year. Two Board certified radiologists (B

readers) using the ILO/UC international classification for
pneumoconiosis reviewed all chest X rays (see x~-ray form in
’Appendix IV) . Radiographs were interpreted independently
with random interspersion of control films and without the
radiologist's knowledge of associate's work history. Any
difference in interpretation was resolved by a third "B"
reader. Films which could not be interpreted because of

poor quality were repeated. "Significant x-ray change" in

this report is defined as Category 1l or more small opacities;
Grade 1 or more pleural thickening involving the wall and
diaphragm sites; Category 1 pleural plaques; and/or Grade 1

pleural calcification. The heading "costophrenic angle"

(CPA) is defined as costophrenic angle changes only. "No

x-ray change" refers to chest X rays which did not exhibit

pleural or parenchymal changes.

Physical Examination

A limited physical examination was performed on each
associate for identifying the presence of late inspiratory
rales (crackles) in 4 different chest locations and for the
presence of nail clubbing. Exams were performed by a physi-

cian or trained nurse.
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Indicies of Exposure to Vermiculite

Industrial hygiene data was expressed as cumulative
fiber exposure (fiber/cc/yr), time period from first exposure
to vermiculite (latency), and job positions. The latter was
divided into no vermiculite exposure (Group I), low vermic-
ulite exposure (Group II), and high vermiculite exposure
(Group III).

Cumulative fiber exposure was expressed in fiber/cc/yr
and was calculated from previously obtained exposure values
and length of employment in each particular department. Such
data was obtained for each employee interviewed. The resul-
tant exposure index is based on an 8 hr.-TWAL365-day work
year. Using this method, employees with less than 1 fiber/
cc/yr exposure were considered to be no different than the
community population and acted as controls.

Determination of latency (time) since first exposure to
vermiculite was based on employment in the low or high
vermiculite exposure job positions at any one time.

High vermiculite exposure job positions were: trioniz-
ing (T), pilot plant (PP), and plant maintenance (PM). Low
vermiculite job positions were: central maintenance (CM),
warehouse (W) and packaging (P). Control positions with no
vermiculite exposure above background levels were: reseafch
(R), front office (FO), and polyform (PF). All job positions

were divided into one of three groups:





Group I - Control with no previous vermiculite
exposure.

Group II - Low exposure to vermiculite.
Working in central maintenance, warehouse
or packaging and never in Group III jobs.
Group III - High exposure to vermiculite.
Working in trionizing, plant maintenance
or pilot plant.
Job positions were evaluated using those ever employed
in Group III jobs vs. those never employed in Group III or
Group II jobs. Groups III and II were used together vs.

Group I where noted.





CHAPTER IX

STATISTICAL METHOD

Analysis of vafiance was used to compare mean age and
mean pack years among job category groups and among job
category groups within smoking groups.

The questionnaire data were examined in bar graph form
and grouped by category. Within job groups, a separate bar
is given for each smoking group (i.e., never, ex, or current
smoker) .

Spirometry and diffusion data were analyzed using anal-
ysis of co-variance after adjusting for height and smoking
in pack years. Adjusted means were compared between cumu-
lative exposure groups, between job category groups, and
between latency groups. The spirometry and diffusion data
were reanalyzed using analyses of co-variance using smoking
group (i.e., never, ex, or current smoker) and job category
groups. Mean difference between smoking groups and between
job category groups within smoking groups were analyzed
after adjustment for age and height. The above analyses
were repeated, substituting cumulative exposure group (i.e.,
control, 1-10 fiber/cc/yr, >10 fiber/cc/yr) in place of job
category group.

Associations between the radiographic data and exposure
were examined using a pair matched analysis. Each worker

who had a positive X ray (either significant x-ray change or
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CPA) were matched by age with another worker who did not
have a positive X ray. A paired t-test was then performed
on the difference in cumulative years of exposure. Because
the cumulative exposure data were not normally distributed
and could not be simply transformed to normality, a non-
parametric test, the Wilcoxon Sign-Rank test was performed.
The test is the ﬁOnparametric equivalent of the paired t-
test, and does not depend on the distribution of the data.
Discriminant analyses were performed on questionnaire
data as well as on clubbing, crackles and x-ray results.
The discriminant analysis attempts to establish relation-
ships between a nominal dependent variable (e.g. x-ray
result) which defines 2 populations (e.g. positive vs. nega-
tive x-ray results), and independent variables (fiber/cc/yr
exposure, smoking in pack years and age). The discriminant
procedure used in this analysis is a stepwise discriminant
procedure which adds independent variables to the discrim-
inant equation one at a time, with that variable which is
not already in the equation, which most significantly
increases the function's "discriminatory power," (i.e. the
ability to separate the 2 groups) being added. When none of
the independent variables not already in the equation can
significantly add to the "liscriminatory power" of the
function, the stepping procedure ends. In simple terms, the

discriminate function finds the subset of the independent
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variables which best differentiates (discriminates between)
the groups.

In the analysis presented here for questionnaire, phys-
ical examination and x-ray results, a p-value reported for a
given variable corresponds to an F statistic computed from a
one-way analysis of variance on the groups after adjustiné
for the other variables in the model. If only one variable
is included in the function, this indicates that the other
variables did not explain a significant amount of variation
between groups. The results of discriminant analysis are
presented as p-values at the bottom of the corresponding bar
graph. For example, percentage of workeré reporting emphy-
sema is presented by smoking history categories within each
job _category group. The corresponding discriminant function
included age (p<.05) and pack-years (p <.l) as significant
discrimination variables. For example, cumulative exposure
to vermiculite in fiber/cc/yr did not significantly add to
the discrimination between the group of workers who reported
emphysema and those who did not, after pack-years and age
were already entered in the equation (Figure 7).

The major assumption about the data in discriminant
analysis is that the independent variables should be normal-
ly distributed. The presence of outliers, i.e., cases whose

measurements are significantly different from their group's

means, can seriously affect the results of the analysis.
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Prevalence of Emphysema
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Figure 7

Percentage of workers reporting emphysema by job category and by
smoking history. Discriminant analysis indicates a significant
positive association between age (p <.05), pack years (p <.1) and

emphysema.





Therefore, results of the discriminant analyses used in this

report should only be used as supporting evidence of trends,
and p-values should only be thought of as an approximate
measure of the strength of association. In this regard, p-
values from discriminant analyses are presented only at the
0.1 level or thé .05 level, although the .05 level reported
may be‘puch higher than the actual value of significance for
the F statistic in a given analysis. An alternative approach
would be to remove outliers from the data set, and rerun the
analysis. This approach is not feasible when there is a
very small number of observations, e.g. 22 positive X rays.
There are other alternative approaches to handling the prob-
lem of nonnormality in driscriminant analyses, but none are
truly satisfactory. The discriminant analyses should only
be used as an aid to indicate that associations may exist

independent of the confounding effects of age or smoking.
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CHAPTER X

RESULTS OF THE STUDY

Description of the Population

The study population included all associates with his-
tory of vermiculite dust exposuré and a control group of
associates withoqt such exposure. There were a total of 530
associates asked to participate in the study; 9 refused and
8 were not available because of vacation or illness, giving
a total of 513 employees interviewed. Table 18 lists the
number of employees examined in each job category.

The average age of the participants in the study was
37.5 years, ranging from 19 to 66 years. Analysis of ethnic
distribution revealed 497 (96.88%) were white, 12 (2.34%)
were black, 2 (.39%) were oriental, 1 (.20%) was American
Indian, and 1 (.20%) was Spanish-born American. Of the
entire group, 44.44% were current smokers, 20.27% were ex-
smokers, gnd 35.28% never smoked. A positive response to
smoking was cigarettes, pipe or cigar smoking with

inhalation.

Questionnaire Data

The questionnaire data included information on all inter-
viewed associated (n = 513). The distribution of age,
employment duration, smoking history in pack-years, and cum-

ulative exposure group, and latency since first exposure is





TABLE 18

PRESENT JOB CATEGORY
\ (persons interviewed)

AREA NUMBER
Trionizing 48
Plant Maintenance* 87
Packaging 86
Warehouse 98
Central Maintenance 12
All other jobs** 182

*Includes pilot plant

**Includes research, front office
and polyform





summarized in Tables 19-21. The statistical analysis of

this data is included with the tables.

Table 19 presents data on age, duration of employment,
cigarette smoking in pack-years, and fiber exposure. There
were 3 groups: I - control or background exposure; II - low
fiber exposure; and III - high fiber exposure. There were
112 associates in Group I, 206 in Group II, and 194 in
Group III. Associates in the high fiber exposure Group III
tended to be somewhat older than the other two exposure
groups (p <.01).

Table 20 shows similar information, but according to
actual cumulative fiber exposure.

Table 21 shows data according to latency or time from
beginning of vermiculite exposure. Because of possible
effect of age, questionnaire data was analyzed with cumula-
tive exposure (fiber/cc/yr), age (yr), and smoking (in pack-
years) as possible explanatory variables for the symptoms.
Statistical analysis involved using discriminant function as
described previously.

History of respiratory illness with phlegm production
resulting in lost time off work, and history of pneumonia
confirmed by a physician are shown in Figures 8 and 9. There
was no statistically significant association between vermic-
ulite exposure and these illnesses when analyzed by discrim-

inate analysis. There was no difference on the prevalence





TABLE 19

AGE, EMPLOYMFNT DURATION, SMOKING HISTORY, AND
CUMULATIVE EXPOSURE, BY JOB CATEGORY

1 11 111
NS EX CS NS EX cs NS EX cS

Humber of

Associates 49 22 41 63 36 107 - 69 46 79
Age (yr)

Mean 33.8 9.5 39.1 4.5 39.9 34.9 40.2 42.8 37.5
SE 1.7 2.5 1.8 1.5 2.0 1.1 1.4 1.7 1.3
5 :

Years at Co. '
Nean 6.6 11.3 10.5 8.4 13.3 8.9 12.2 13.0 10.7
SE 1.1 1.6 1.2 1.0 1.3 0.7 0.9 1.1 0.9
Pack-years

Mean 0 13.1 18.6 0 14,2 18.7 0 14.3 17.8
SE 2.9 2.1 2,3 1.3 2.0 1.5
Fiber/cc/yr

Mean 0.35 0.57 0.50 1.15 1.56 0.97 6.51 7.55 6.05
SE 0.67 1.01 a.74 Q.60 0.79 0.46 0.57 0.70¢ 0.53

L






TABLE 19_cont.

JOB_CATEGORY
Age - Significant difference (p <.01) between Job Category 1l and 111
- Significant difference (p <.01) between NS and EX
- Significant difference (p <.05) between CS and EX

Exposure &ears - Significant difference {p <.0001) between Job Category III
and both Job Categories I and II *

—— cecaene-- ——-

Years at Co. - Significant difference (p <.001) between NS and EX

Significant difference {p <.05) between Job Categories
I1 and III

Significant difference {(p <.01) between Job Categories
1 and 111

Definitions of Abbreviations
NS = Never smoked
EX = Exsmoker
CS = Current smoker

I = No vermiculite exposure
IT = Low vermiculite exposure
111 = High vermiculite exposure





TABLE 20

AGE, EMPLOYMENT DURATION, SMOKING HISTORY, AND
CUMULATIVE EXPOSURE BY CUMULATIVE EXPOSURE GROUPS

Control 1-10 fiber/cc/yr >10 fiber/cc/yr

NS EX cs NS EX cs . NS EX cs
Number of
Associates 98 35 124 66 55 86 17 14 17
Age (yr)
Mean 29.7 31.9 32.3 42.5 43.9 40.8 52.3 53.2 46.3
SE 1.0 1.7 0.9 1.2 1.3 1.1 2.4 2.7 2.4
Years at Co.
Mean 4.6 5.6 5.2 13.9 15.2 14.4 19.1 20.2 19,7
SE 0.6 1.0 0.5 0.7 0.8 0.6 1.4 1.5 1.4
Pack-years
Mean 0 8.7 13.9 0 16.6 23.7 0 17.4 24.7
SE 2.2 1.2 1.8 1.4 3.5 3.1
Fiber/cc/yr
Mean 0.33 0.33 0.41 3.3 2.88 2.713 16.99 17.60 18.64
SE 0.24 0.41 0.22 0.30 0.33 0.26 0.59 0.65 0.%9

eL






TABLE 20 cont.

EXPOSURE GROUP

Age - Significant difference between EX and CS (p <.05).

Significant difference between all three exposure
groups {p <.0001).

Exposure - years - Significant difference between all three
exposure groups {p <.001).

Years at company-Significant difference between all three
exposure groups (p <.0001).

Pack-years - Significant difference between exposure groups I and
11 (p <.0001),

Significant difference between exposure groups I and IIl
{p <.001).





AGE, EMPLOYMENT DURATION, SMOKING HISTORY, AND CUMULATIVE EXPOSURE BY LATENCY

TABLE 21

t

Loteny 0 1-4 5-9 10-14 15-19 20+

NS EX cs NS EX cs NS EX cs NS £X cs NS EX JCS NS EX cs
Humber of
Associates 49 22 N 22 15 37 15 5 13 17 16 15 7 5 3 8 5 11
Age (yr)
Mean 33.8 [39.5 |39.1 [131.3 {34.3 | 30.7 ||36.0 [35.1{ 36.7 | 46.4| 46.0 {42.8 ||26.3 | 50.9{¢7.3 | 54.0 |57.6 |51.4
SE 1.4 |21 ) 150211} 25 1.6 || 2.5 | 4.4 | 2.7 2.4| 2.4 | 2.5 || 3.7 4.4| 5.7 3.5 | 4.4 | 3.0
Years
Hean 6.6 |11.3 |10.5 || 5.9 | 6.9 50 (| 9.9 [10.0 | 10.3 | 14.2 12.9 {13.4 jl20.1 | 19.8| 20.3 | 22.4 | 27.8] 241
SE 0.8 (1.2 ] 09 |l 1.2 | 1.5 0.9 || 1.5 | 2.6 { 1.6 1.4 1.4 | 1.5 || 2.2 2.6 3.3 20| 2.8 1.7
Pack-years
Mean 0 [13.1 |18.6 0 8.1] 10.0 0 |22.7 | 16.8 0 15.5 |23.7 0 17.7] 21.4 0 | 17.7] 36.1
SE 2.5 | 1.9 3.1 2.0 53] 3.3 3.0 | 3.1 5.3 6.9 5.3] %6
Fiber/cc/yr
Mean 0.4 0.6 051 1.0 | 1.2 1.0 || 3.7 | 2.7 | 3.6 | 8.3 8.1 | 9.6 || 10.8 ] 15.5] 17.5]| 19.2] 21.9]18.1
SE 0.s 0.7 0.5 0.7 1 0.9 0.6 o9 |15] 1.0} 0.8 0.9 | 0.9 1.3 1.5 2.0 1.2 1.5 1.0

SL






TABLE 2] cont.
LATENCY

No significant difference by smoking group (except for
pack-vears).

Years at Scott:

Significant difference between 0 and 1,3,4,5 (p <.0001)
- l and 2 (p <.001)
1l and 3,4,S {(p <.0001)
- 2 and 3 (p <.05)
: ’ 2 and 4,5 (p <.0001)
3 and 4 (p <.001)
3 and 5 (p <.0001)
4 and S (p <.05)
Pack~-yearss
Significant difference between 0 and 1,5 (p <.05) _
1 and 2,3,4 {(p <.05)
1l and 5 {p <.0001)

Exposure years:

Significant difference between 0 and 2,3,4,5 (p <.0001)
1 and 2 (p <.0l)
1 and 3,4,5 (p <.0001)
2,3,4,5 all significant
differences from each

other (p <.0001
Age:

Significant difference between 0 and 1,4 (p <.001)
0 and 3,5 (p <.0001)
1l and 3,4,5 {p <.0001)
2 and 3,4 (p <.001)
2 and 5 (p <.0001)
3 and 5 (p <.001)
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HISTORY OF LOST WORK FROM CHEST
ILLNESS WITH PHLEGM PRODUCTION

25%
20% -
15% |-
10% |
5% -
NS EX CS NS EX CS NS EX CS
N 49 22 41 63 36 107 69 46 79
Group | Group 1l Group I

Job Category

Figure 8

Percentage of workers reporting time lost from work due to a chest
i11ness with phlegm production by job category and cigarette smok-

ing history.
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HISTORY OF PNEUMONIA

25% -
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10% -
5% |-
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N 49 22 41 63 36 107 69 46 79

Group | Group |l Group i
Job Category

Figure 9

History of pneumonia - percentage of workers reporting pneumonia by
job category and by cigarette smoking history. Discriminant analysis
indicates a significant positive association between age and pneumonia

(p<.05).





of chest injuries or chest operations between no, low and

high vermiculite exposure groups (Figure 10). Historically,
no differences were noted for exposures to talc, graphite,
fibrous glass, mineral wool, ceramic fiber, fuller's earth,
mica and perlite.

The prevalence of chronic bronchitis symptoms (cough
and phlegm production) in the no, low and high vermiculite
exposure groups by smoking categories are summarized in
Figures 1l and 12. Chronic cough was defined as cough 4-6
times/day, 2 4 days/week for 3 consecutive months for at
least 2 years. Chronic phlegm was defined as excessive
sputum production at least 2 times day 2 4 days/week for 3
consecutive months > 2 years without a current history of
chronic bronchitis confirmed by a physician. There were no
differences in chronic cough in the 3 exposure groups. The
prevalence of chronic cough was significantly greater in
current smokers. Discriminant analysis indicated a signifi-
cant positive association between smoking and chronic cough
(p < .05). There was no obvious additive effect of ciga-
rettes and vermiculite dust exposure (Figure 1ll).

The prevalence of chronic phlegm production was greater
in current smokers, particularly in the high vermiculite
exposure group. The prevalence of phlegm production was
highest in the Group III high exposure, current smoker group

compared to the nonexposed, current smoker Group I;





HISTORY OF CHEST INJURY OR OPERATION

25%
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Figure 10

Percentage of workers reporting a history of chest injury or a
chest operation by job category and by cigarette smoking history.

80





HISTORY OF CHRONIC COUGH
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Figure 11

Percentage of workers reporting chronic cough by job category and
by cigarette smoking history. Discriminant analysis indicates a
significant positive association between smoking and chronic cough

(p<.05).





suggesting possible additive effect of vermiculite exposure

and cigarette smoking (Figure 12). However, when analyzed
by discriminant analyses, there was no statistically signi-
ficant association between smoking, vermiculite exposure and
chronic production of phlegm.

The data on prevalence of wheezing or whistling with
colds are summarized in Figufe 13. ‘Wheezing during colds is
defined as ever having wheezing when a cold was present for
2 years or more in the absence of any other wheezing symp-
toms or current history of asthma confirmed by a physician.
The prevalence of wheezing with a cold was higher in the
high vermiculite exposed, nonsmoking group compared to the
other exposure groups. There was a difference between
smokers (current and exsmokers) and nonsmokers in the low
and no exposure groups, but no apparent difference in the
high exposure group. This difference suggests cigarette
smoking may mask any possible airway effect from high vermic-
ulite exposure. The masking effect of cigarette smoking on
industrial bronchitis from various mineral dusts has been
documented previously.:’s’36 |

The prevalence of wheezing or whistling apart from
colds present for 2 years or more, and without associated.
shortness of breath with wheezing or current history of
asthma confirmed by a physician are summarized in Figure 14.

The prevalence is higher in high vermiculite exposed, non-





HISTORY OF PHLEGM PRODUCTION
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Figure 12

: History of phlegm production - percentage of workers reporting
: g(oduct1on of phlegm by job category and cigarette smoking
istory.
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smoking workers compared to nonsmoking personnel. Discrim-
inant analysis indicated a significant positive association
between the presence of smoking and wheezing (p <.05).

The data on the prevalence of two or more attacks of
shortness of breath with wheezing, without a current history
of asthma confirmed by a physician is shown in Figure 15.
The prevalence of shortness of breath with wheeze was higher
in the high vermiculite exposure, nonsmoking group compared
to the no exposure, nonsmoking group. Current smokers
reported a higher prevalence than nonsmokers in the no and
high exposure groups. Discriminant analysis indicated a
significant positive association between both smoking (p<.05)
and cumulative fiber exposure (p<0.l) and the presence of
shortness of breath wtih wheezing.

The data on prevalence of shortness of breath (Grade 1,
shortness of breath when hurrying on the level or walking up
a slight hill; Grade 2, walk slower than persons of your age
on the level because of breathlessness) are summarized in
Figure 16 and Tables 2la and b. The prevalence of Grade 1
and 2 shortness of breath was highest in Group III, the
high fiber exposure group of all smoking categories. Current
smokers had a higher prevalence than nonsmokers in all expo-
sure groups. This data suggests an additive effect of ciga-
smoking and vermiculite exposure on the development of

shortness of breath. Discriminant analysis revealed a
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SYMPTOMS OF SOB WITH WHEEZING

25%
20% |-
15% |-
10% |-
5%
NS EX CS NS EX CS NS EX CS
N 49 22 41 63 36 107 69 46 79
Group | Group i Group il

Job Category

Figure 15

Percentage of workers reporting shortness of breath with wheezing
by job category and cigarette smoking history. Discriminant
analysis indicates a significant positive association between
smoking (p<.05) and cumulative dust exposure (p<.1) and shortness
of breath.

- e
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PREVALENCE OF SHORTNESS OF BREATH

25% [ Grade 1 shortness of breath
20% - ] Grade 2 shortness of breath
15% |-
10%
5% b - .ty 1Y  p@E——mna
1
NS EX CS NS EX CS NS EX CS
N 49 22 41 63 36 107 69 46 79
Group | Group Il Group il

Job Category

Figure 15

Percentage of workers reporting dyspnea by job category and cigarette
smoking history (grade 1 is shortness of breath when hurring on level

or walking up a slight hill; grade 2 is walking slower than persons of
own age on level because of shortness of breath). Discriminant analysis
indicates a significant positive association between dyspnea and

smoking and curulative exposure (both p <.05).






TABLE 2la
CLINICAL AND PHYSIOLOGIC PARAMETERS IN SUBJECTS WITH DYSPNEA

Dyspnea Grade 1

Dyspnea Dyspnea With Shortness of Breath
Grade 1 Only Grade 2 Only and Wheezing
Number 22 6 9
Abnormal CXR 2 0 2
Clubbing 1 b 0
Crackles 1l 0 1l
FEVl <80% 2 0 1l
FVC <80% 1 0 0
Fsvl/rvc <70% 3 1 1
FEF,5_,g <80% 12 2 8
DLCOsb<80% . 1 0 0
Dyspnea Grade 2 with Shortness of Breath
Shortness of Breath and with
Wheezing Wheezing Only
Number 5 25
Abnormal CXR 2 0
Clubbing 1l 2
Crackles 2' 1
FEVI <80% 2 0
FVC <80% 1 0
FEVI/FVC <708 1 2
FEF )5 75 <80% 5 13
<80% 2 1l

DL eosh






TABLE 21b

SUMMARY OF ALL SUBJECTS WITH
REPORTED SHORTNESS OF BREATH

Number 67
Abnormal chest X ray
Clubbing

Crackles

FVC <80% predicted
<80% predicted

= N U o

DLCOsb
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significant positive association between shortness of breath
and both smoking and cumulative exposure (p<.05).

The data on the prevalence of chronic 1lung disease
defined as wheezing most days or nights and/or Grade 3
dyspnea (stop for breath when walking at your own pace on
the level) and/or FEV-1/FVC% 60% or less are summarized in
Figure 17. The prevalence was similar in all exposure
groups in current smokers and in the never smoked category.
There was a significant positive association between smoking
and the presence of chronic lung disease (p <.05). The
higher prevalence of chronic lung disease in both the low
and high exposure groups among éxsmokers suggests an addi-
tive effect of cigarette smoking with vermiculite exposure.
Exsmokers may have been encouraged to stop smoking because
of pulmonary symptoms.

The prevalence of restrictive lung disease defined as
FEV-1/FVC ratio of >70% with a FVC of <80% predicted is sum-
marized in Figure l17a. The percent predicted was taken from
the regression equations formulated from the nonsmokers
company population. There was no significant association
between restrictive lung disease and cumulative vermiculite
exposure.

The prevalence of pleuritic chest pain lasting 6 hours
or more with physician evaluation is summarized in Figure 18,

Tables 2lc and 21d. The prevalence is increased in the high






PREVALENCE OF CHRONIC LUNG DISEASE

o

25%
20% |-
15% |-
10% |
5% |-

NS EX CS NS EX CS NS EX CS

N 49 22 41 63 36 107 69 46 79

Group | Group i Group llI

Job Caiegory

Figure 17

Percentage of workers with chronic lung di§ease by job_ca@egqry
and by cigarette smoking history. Discriminant analysis indi-
cates a significant positive association between smoking and

chronic lung disease {p <.05).
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Prevalence of Restrictive Lung Disease
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Figure 17a

Percentage of workers with restrictive lung disease by job category

¢ and smoking history.





TABLE 21e

CLINICAL AND PHYSIOLOGIC PARAMETERS IN SUBJECTS WITH A HISTORY OF PLEURITIC CHEST PAIN

Pleuritic Pleuritic
Pleuritic Chest Pain Chest Puain
Pleuritic Pleuritic Chest Pain With Shortness With Shortness
Pleuritic Chest Pain Chent. Pain With Chortness of Breath with of Breath with
Chest Pain With Grade I With Grade II of Breath Wheezing with wheezing with
Only Dyspnea ) Dyspnea and Wheezing Grade I Dyspnea  Grade 11 Dyspnea
flarber 10 3 1 1 3 2
Abnorral CXR 1 0 1 0 0 0
Clubbing 0 0 0 0 1 0
Crackles 0 0 0 0 [+] 0
FEY, <B0% 0 0 0 2 1 0
FYC <«80% 0 0 0 0 1 0
}‘E\'I/}VC <70% 2 1 0 1 0 0
FEF <
”25-75 80% 6 2 0 2 3 2
Dlegsy “8O% 0 0 0 0 1 0

149
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TABLE 214

SUMMARY OF ALL SUBJECTS WITH

REPORTED PLEURITIC CHEST PAIN

Number 23
Abnormal chest X ray

Clubbing

2
1l
Crackles 0
FVC <B0% pred. 1

1

;‘ DLCosb <80% pred.

1 Y
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and low exposure groups, especially in the exsmokers. This

suggests that pleuritic chest pain may have had some influ-
ence on the decision to stop smoking. There is no differ-
ence between current smokers and nonsmokers. Discriminant
analysis reveals a significant positive association between
cumulative vermiculite exposure and history of chest pain

(p <.05).

Spirometry Results

Results of FEV-1, FVC, FEV-1/FVC%, and FEF35.75 are pre-
sented as measured and as percent predicted. The results
were evaluated in relation to cumulative exposure (fiber/cc/
yr), time since first exposure (yrs) in high vermiculite
exposure jobs, and in the combined (low and high) vermic-
ulite exposure jobs, and in the combined (low and high)
vermiculite exposure groups. All values were adjusted for
smoking (pack-years), age, and height. The reported mea-
sured values were for white males. The percent predicted
values were for all associates. Predicted values for blacks
were 10% lower than a corresponding white population. The
spirometry results are summarized in Tables 22 through 27.
There were no differences in spirometry in relationship to
vermiculite exposure as measured by cumulative exposure,
time since first exposure, or job category.

Results of the analysis of the spirometry data in rela-.

tionship to cumulative exposure (fiber/cc/yr), and job
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TABLE 22
SPIROMETRY RESULTS BY EXPOSURE GROUP
(fiber/cc/yr)
CONTROL (Fiber/qe/¥r 516
n=215 n=1%g n=48
FEV; (L.) 3.92 *,038 3.93 *,038 4.08 *.081
FVC(L.) 4.98 +,048 4,95 *,047 5.12 #,100
FEV, /FVC 0.787%.0052 0.794%.0051 0.799+,.0108
FEF,c_q¢ 3.79 +,082 3.89 +,082 4.00 tfl73
(1./5)
n = 458

Adjusted for smoking (pack-years), age, height

All white males






TABLE 23

SPIROMETRY RESULTS BY EXPOSURE GROUPS

(£iber/cc/yrx),

(% predicted)

fiber/cc/yr
CONTROL 1-10 510
n=255 n=204 n=48
FEV, 101.6%0.883 101.8+0.986 105.2+2.018
FVC 103.9:0.853 103.5+0.953 107.2+1.951
FEF,s_-c 81.7+1.520 79.5+1.690 78.5:3.470
n = 507

Adjusted for smoking (pack-years)

98
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TABLE 24

SPIROMETRY RESULTS BY TIME SINCE FIRST EXPOSURE*

YEARS

0

1-4

5~9 10-14 15-19 20+
n 95 69 30 45 15 23
FEVL,(L.) 3.98 $,051 3.89 ¢,064 3.83 $.091 3.87 2,076 E4.132.131 3.98 t.112
Fve,(L.) 5.06 £.062 4.90 £,078 4.87 £,111 4.85 2,093 - 5,2410.160 5.00 £,137
FEV,/FVC 0.787+.0069 0.7952,0085 0.7871.612 0.795%.010 0.7910.018 0.794t.015
FEFZS-;S 3.76 $£.113 3.83 £.142 3.730¢,202 3.90 ¢,169 4.02:0.292 3.88 .249
L/S )
n = 2717

*White males from trionizing, pilot plant or plant maintenance.

Group "0" includes associates never employed in trionizing, pilot plant, plant maintenance,
central maintenance, packaging, or warehouse.,

Adjusted for smoking (pack-years), age, height.

66






TABLE 25

SPIROMETRY RESULTS BY TIME SINCE FIRST EXPOSURE *

YCARS 0 1-4 5-9 10-14 15-19 20+
n 112 74 33 48 15 23
FEV, (L.) 103.3:1.30 101.6:1.60 100.0%2.39 101.7+1.98 108.7+3.54 103.932.92
FVC (L.) 105.6:1.23 103.0t1.53 101.4£2.27 102,3¢1.89 112.343.37 106.2:2.78
FEF,¢_ 95 80.1+2.24 82,4:2,78 78.924.13 81.4¢3.43 80,2:6.13 77.0:5.05
(L./8)
n = 305

Adjusted for smoking (pack=-years)
Associates from T, PP, PM.

or W.

*pPercentage of predicted

Time since first exposure.
Group "0" includes associates never employed in T, PP,
PM, CM, P,
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TABLE 25

SPIROMETRY RESULTS BY JOB CATEGORY

101

I II III
n=95 n=181 n=182
FEV, (L.) 4.00 +.053 3.92 +,038 3.93 *,038
FVC (L.) 5.08 *,065 4,98 *,048 4.94 *,048
FEVl/FVC 0.79 £.071 0.79 +.0052 .79 *,005
FEF25_75 3.79 £,113 3.86 .082 3.88 +.082
(L/S)
n = 458

I - Never in II or II1X

11

Central maintenance, packaging, warehouse - never in IIIX

III - Ever worked in trionizing, pilot plant, or plant mainten-

ance.

All white males adjusted for smoking (pack-years), age, height






TABLE 27

SPIROMETRY RESULTS BY JOB CATEGORY
(% predicted)

I II III
n=112 n=202 n=193
FEV, (L.) 103.1#1.32 101.5+0.98 102.0+1.01
FVC (L.) 105.5+1.28 103.7£0.95 103.6+0.97
FEF,._4¢ 79.6%2.27 81.3+1.70 80.3+1.73
(L/S)
n = 507
I - Never in II or III

II

CM, P, W never
III - ever worked in

maintenance

worked in III
trionizing, pilot plant or plant

Adjusted for smoking (pack-years)
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tf category by smoking groups are summarized in Figures 19
through 26. Workers were divided into 1 of 3 smoking cate-

B¢ gories: never smoked (NS), used to smoke (EX) and current
smoker (CS). Interestingly, asspciates with the greatest
cumulative fiber exposure had the highest FEV-1l values

(p <.05). Significant differences in FEV-1, FEV-1/FVC%, and

FEF35-75 were noted among smoking categories (p <.005).

Physical Examination Results

There were no differences in prevalence of crackles (2 1
location or nail clubbing and exposure) between job category
groups in relationship to vermiculite exposure. Current
smokers had the highest prevalence of crackles in all expo-

sure groups (p <.05) (Figﬁres 27 and 28).

Diffusion Results

Results of DLgggp, and DL/VA were evaluated in relation-
ship to cumulative exposure (fiber/cc/year), time since
first exposure (yrs) in high vermiculite exposure jobs, and
job categories divided into no, low and high vermiculite
exposure groups. All values were for white males adjusted
for smoking (pack-years), age, and height. The CO diffusion

H results are summarized in Tables 28 through 33. There were

PRV

no differences in DLpggp ©r DL/VA in relationship to vermic-
ulite exposure according to cumulative exposure or job

category.
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Figure 19

. . . le
Mean + SE FEV-1 (adjusted for height and age)_for 459 white ma
workers by exposure groups and cigarette smoking history.
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Figure 20

exposure groups and by cigarette smoking history.
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Figure 21

Mean + SE FEV,/FVC {adjusted for height and age) for 459 white males
by exposure gJ'oup and by cigarette smoking history
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(adjusted for age and height) for 459 white males by

d by cigarette smoking history.
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Figure 24

Mean * SE FvC (adjusted for age and height) for 459 white males
by job category group and smoking history
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Mean + SE FEV,/FVC (adjusted for age and hei i
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CRACKLES HEARD ON AUSCULTATION
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Figure 27

Percentage of workers with crackles heard on auscultation of
the chest by job category and by smoking history. Discriminant
analysis indicates a significant positive association between

smoking and crackles (P<.05).
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PREVALENCE OF CLUBBING OF NAILS

25%
20% -
15% |-
- 10% |-
5% |-
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Job Category

Figure 28

Percentage of workers with clubbing of the nails by job category
and by smoking history. Discriminant analysis indicates a sig-
nificant positive association between nail clubbing and age (p <.05).
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TABLE 28

DIFFUSION RESULTS BY EXPOSURE GROUP

(fiber/cc/yr)
Control 1-10 >10
n=172 n=44
DLCOsb 36.7 %.515 36.5 +,517 37.0 *1.085
DL/VA 5.68+.086 5.77+.086 5.61+ .180
n = 415

All white males

Adjusted for smoking (pack-years), age, height

DLCOsb

expressed in ml CO (STPD)/ min/mmHg

DL/VA expressed in ml CO {STPD)/min/mmHg/L(BTPS)
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TABLE 29

DIFFUSION RESULTS BY EXPOSURE GROUP (fiber/cc/yr)
(¥ Predicted)

Control 1-10 >10
n=237 n=185 n=44
Dlosh 120.0+1.43 120.4%1.62 122.6+3.30

n = 466

Adjusted for smoking (pack-years)





TABLE 30

DIFFUSION RESULTS BY TIME SINCE FIRST EXPOSURE

0 1=4 S5=9 10-14 15-19 20+
n=85 n-67 n=25 n=40 n=14 n=21

DL 36.7 +0.690 |36,4 20,836 37.7 :1.28 35.6 $1.04 | 34.8 %1.75 36.1 :1.51
DL/VA 5.59:0.113 5,70£0,137 6.00: .210 5.55:0.170 5.1120,287 5.5040,247
n = 252
tWwhite male adjusted for smoking (pack-years), age, height.
Time in years since first exposure in T, PM, or PP.
Group O includes associates never employed in T, PM, PP, CM, P, or W.
D

LCOSb expressed in ml CO (STPD)/min/mmHg.

DL/VA expressed in ml CO (STPD)/min/mmHg/L (BTPS).

911






DIFFUSION RESULTS BY TIME SINCE FIRST EXPOSURE
(% predicted)

TABLE 31

Years 0 1-4 5-9 10-14 15-19 20+
Number 101 72 28 42 14 21
DLegsh 122,222,12 117.422.53 123.444,03 118.813.30 116,915.70 121.624.75
n = 278

Adjusted for smoking (pack-years)

Associates from T, PP, PM. ’
Group O includes associates never employed in T, PP, PM, CM, P or W.

Time in years since first exposure in T, PM, or PP.

LTT






TABLE 32

DIFFUSION RESULTS BY JOB CATEGORY

I II III
n=85 n=168 n=167
DL COsb 36.8 *.721 36.9 +.516 36.3 +.517
DL/VA 5.61+.120 5.80+.086 5.66%,086
n = 420

Adjusted for smoking (pack-years), age, height.
All white males.

I - never in II or III
II - CM, P, W never worked in III
III - Ever worked in trionizing, pilot plant or
plant maintenance

D expressed in ml CO (STPD)/min/mmHg.

LCOSb

DL/VA expressed in ml CO (STPD)/min/mmHg/L (BTPS).

118
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TABLE 33

DIFFUSION RESULTS BY JOB CATEGORY
(% predicted)

I II IIX

106 n=188 n=177
DLCOsb 122.0+2.17 121.041.59 118.8+1.64
n = 466

Adjusted for smoking (pack-years)

I - never in II or IIX
II - CM, P, W never worked in III
III - Ever worked in trionizing, pilot plant or plant

maintenance






When evaluated by the smoking groups NS, EX, and CS,

there were no differences in relationship to vermiculite
exposure. There were, however, significant differences in
DLoogp and DL/VA between NS and EX versus CS (p <.0001),

Figures 29 through 32.

Radiographic Findings

The results of the radiographic survey included all
associates with available interpretable films. The radio-
graphs of 501 and 513 (97.7%) associates were reviewed.
There were 479 (95.61%) with no significant X ray changes
and 22 (4.4%) with pleural or parenchymal changes. Of these
22 with pleural or parenchymal changes, 11 (2.20%) had sig-
nificant abnormalities. A breakdown of the significant
changes among the 1l current employees interviewed is summa-
rized in Tables 34a and 34b. Of these 11, one employee had
the presence of Category 1/l small irregular opacities. The
explanation of the interpretation classification criteria
are not included in Table 34a.

The interpretations of the chest radiographs are summa-
rized in Tables 35a and 35b according to cumulative exposure.
A greater prevalence of abnormalities occurred in the >10
fiber/cc/yr exposure group. Results expressed as time since
first exposure (yrs) in high vermiculite exposure jobs and
in all (high and low) vermiculite exposure jobs are summa-

ized in Tables 36, 37a and 37b, respectfully. A greater
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Mean Dicoss (adjusted for age and height) for 421 white males
by exposure group and by smoking history.
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Mean Dicosp (adjusted for age and height) for 421 white

males by job category and by smoking history
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Figure 31

DLco/VA results by exposure group.

Mean DLco/'VA (adjusted for age and height) for 421 males by
exposure group and smoking history.
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Figure 32

"Mean DLco/VA (adjusted for age and height) for 421 white males
by job category and by smoking history.
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BREAKDJWN OF SIGNIFICANT

PLEURAL ABNORMALITIES OF CURRENT EMPLOYEES INTERVIEWED

Bilateral pleural thickening
Bilateral plaques

Bilateral pleural thickening
Left pleural thickening

Bilateral pleural thickening
Bilateral pleural plaques

Bilateral pleural thickening
Left plaque

Left pleural thickening
Left pleural plaque

Right pleural thickening
Right pleural plaque

Bilateral small, irregular
opacities Type s

Unilateral pleural thickening
Left pleural calcification
Bilateral pleural thickening

Bilateral pleural plaques
Right diaphragm caicification

A/l (Width/Extent)
1/1 {Certainty of plaques)

c/2
A/l

8/1
11

B/2
7

A/l
0/1

c/1
1/1
1/1
A/l
Grade 1
B/1

1/1
Grade 2

Explanation of radiograph interpretation classification criteria

Pleural thickening: width
A.

<1/2 cm
B. 1/2tolcm
C. >l cm

Pleural thickening: extent

1. 1/2 of chest
2. Whole chest

Certainty of plaques

0/1. possible present
1/0  probably present
1/1 definitely present

Pleural calcification: grade
1

. total length of all calcifications, <2cm
2. total length of all calcifications, 2-10 cm.
3. total length of all calcifications, >10 cm





TABLE 34b

SUMMARY OF BREAKDOWN OF SIGNIFICANT
PLEURAL CHEST X-RAY ABNORMALITIES

NUMBER 11
BILATERAL PLEURAL THICKENING 5
<1/2 ' cm 1
1/2-1 cm 3
> om 1
PLEURAL PLAQUES 5
UNILATERAL PLEURAL
THICKENING 4

PLEURAL CALCIFICATION 2





TABLE 35a

X-RAY RESULTS FOR ALL EXPOSURE GROUPS*

EXPOSURE _GROUPS (fiber/cc/yr) _
RESULTS CONTROL TOTAL
. 1-10 >10 No.
Negative 247 (97.6%) 190 (95.0%) '42 (87.5%)
Costophrenic angle 4 [(1l.6%) 5 (2.5%) 2 (4.2%)
blunting .
Significant pleural 2 (0.9%) 5 (2.5%) 4 (8.4%)
abnormality _
Any x=-ray change** 6 (2.4%) 10 (5.0%) 6 (12.5%)
TOTAL 253(100%) 200 (100%) 48 (100%) 501

*Numbers expressed as percentages of total films in each exposure group

category

**Total of CPA and other than CPA

Lzt






TABLE 35b

SUMMARY OF CHEST X-RAY RESULTS FOR ALL EXPOSURES

NEGATIVE 479 (95.6%)
COSTOPHRENIC ANGLE BLUNTING 11 ( 2.2%)
Control 4

1-10 fiber/cc/yrxr 5
>10 fiber/cc/yr 2

S1GN1FICANT PLEURAL ABNORMALITIES 11 ( 2.2%)
Control 2
1-10 fiber/cc/yr 5
>10 fiber/cc/yr 4

TOTAL 501(100.0%)

82T






TABLE 36

X-RAY RESULTS BY TIME SINCE FIRST
EXPOSURE IN HIGH-EXPOSURE JOBS*

TIME SINCE FIRST EXPOSURE
(YRS)
. TOTAL

X-RAY RESULTS 0 1-4 5-9 10-14 15-19 20+ NO.
Negative ' 104 71 31 44 14 19
Costophrenic angle 1l 1 1 2 0 1

blunting
Significant pleural 2 0 0 1 1 4

abnormality
Any x-ray change** 3 1 1 3 1 5
______ TOTAL 107 72 32 47 15 24 297

*Exposure group - trionizing, pilot plant and plant maintenance

** Potal of CPA and other than CPA

621






X-~-RAY RESULTS BY TIME SINCE FIRST

TABLE J37a

EXPOSURE IN ALL JOBS*

TIME SINCE FIRST EXPOSURE

(YRS)
TOTAL

X-RAY RESULTS 0 1-4 5-9 10-14 15-19 20+ NO.
Negative 104 | 132 92 83 20 48
Costophrenic angle 1 3 3 2 1l 1

blunting
Significant pleural 2 0 0 2 2 5

abnormality
Any x-ray change** 3 3 3 4 3 6

TOTAL 107 135 95 87 23 54 501

*Exposure includes trlonlzlng, pilot plant, plant maintenance, packaglng,

warehouse and central maintenance

**Total of CPA and significant abnormality

0€T






TABLE 37b
SUMMARY OF
CHEST X-RAY RESULTS FOR LATENCY PERIOD
NEGATIVE 479
COSTOPHRENIC ANGLE BLUNTING 11
<10 years 7
10-20 years 3
>20 years 1
SIGNIFICANT PLEURAL ABNORMALITIES 11
<10 years 2
10-20 years 4

>20 years 5

131
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prevalence of significant X ray abnormalities occurred in
the l0-year or more latency group. Results by job category,
according to vermiculite exposure are summarized in Table 38,
The highest number of significant abnormalities are in the
high exposure job category.

As demonstrated in Table 38, there is a difference in
mean age between jqb category groups. Because age might be
a confounding factor in relationship to X ray abnormalities,
an attempt was made to correct for age in interpreting radio-
graphic data. Each of the 22 associates with an abnormal
chest radiograph was matched by age to an associate with a
normal chest radiograph. All individuals were white males;
no matching was attempted on the basis of smoking history
(15 mean cigarette pack-years controls vs 25 mean cigarette
pack-years positive). Differences in exposure (fiber/cc/yr)
were analyzed by parametric (paired t-test) and nonpara-
metric statistical methods. Table 39 presents this matching
and demonstrates a difference in exposure (fiber/cc/yr)
between the negative and positive X ray groups (p = <.041).
When significant pleural radiographic changes were analyzed,
there was a strong trend toward a difference in exposure
(p = <.082). The nonparametric analysis was not affected by
outliers, the results of which are summarized in Table 40.

A strong trend towards a difference in fiber/cc/yr exposure

persists for all X ray changes and significant pleural X ray





TABLE 38

X-RAY RESULTS BY JOB CATEGORY*

I (AgetSD) IT (Age+SD) III (AgetSD)

No x-ray change 104 (36.4+10.8) 196 (34.9+11.9) 179 (39.1+12.0)

Costophrenic angle 1 (55.5) 5 (49.7+13.0) 5 (41.0+ 8.2)
blunting ™ -

Significant pleural 2 (48.7+ 8.3) 3 (52.5+ 3.8) 6 (55.1+ 4.0)
abnormality - - -

Any x-ray change** 3 51.0 8 50.7 11 48.7

* I. Control
I1. Packaging, warehouse, central maintenance
III. Trionizing, pilot plant, plant maintenance

** Total of CPA and other than CPA (Mean value for age)

EET






TABLE 39

DIFFERENCES IN EXPOSURE (fiber/cc/yr): PAIR-MATCHED
ANALYSIS (normal vs abnormal X ray)*
PARAMETRIC ANALYSIS (paired t-test)

Costophrenic |Significant
angle pleural Any x-ray

bluntin abnormality change
Fiber/cc/yr n=11 pairs n=1l1l pairs n=22 pairs
Mean ’
Difference 3.0 8.6 5.8
SD 9.7 14.7 12.5
P .232 .082 . 041

*Cases were each matched by age with a subject who had
a negative X ray.

All white males matched for age.






TABLE 40

NONPARAMETRIC ANALYSIS (Wilcoxon Sign Rank Test)

Costophrenic | Significant
angle pleural Any X-ray
blunting | abnormality change

n=1l1l pairs

n=11 pairs

n=22 pairs

Sum of ranks
of positive
differences
T+ (with cc)

P

39
0.49
0.312

48
1.29
0.098

168
1.33
0.092

*Cases were each matched by age with a subject who had
a negative X-ray.

All white males matched for age.
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abnormalities (p <.092 and <.098 respectively). Discrimin-
ate analysis revealed an association between cumulative expo-
sure (fiber/cc/yr) and abnormal x-ray results (p <.05).
Variables entering the discriminant function included cumu-
lative exposure years and smoking pack-years appear to show
a significant association with any x-ray abnormalities

(p <.05), whereas age did not (Figure 33).

A summary of medical and employment history, physical
examination results, and pulmonary function test results for
all radiograph-matched pairs is presented in Tables 41 and
42,

In Table 41, X rays of associates with CPA changes were
paired with age-matched negative X ray associates. History
of pleuritic chest pain occurred in only 1 subject with CPA
changes and none in the negative x-ray group. On physical
examination, 2 of 3 individuals with crackles had x-ray
CPA changes.

In Table 42, pleuritic chest pain was noted in 2 indivi-
duals, both with abnormal X rays. Crackles were heard in 3
persons, all with abnormal X rays. A comparison was made
between the positive and control x-ray groups for number of
farming years, history of pneumonia, history of significant
other jobs, history of significant illness/injury, physical

findings and spirometry results and CO diffusion capacities.





ABNORMAL CHEST X-RAY

25%
20%
15% |-
10% -
5%
R

NS EX CS NS EX CS NS EX CS

N 49 22 41 63 36 107 69 46 79

Group | Group I Group llI

Job Category

Figure 33

kers showing a positive chest X ray by job. category

and smoking history. Discriminant analysis indicates a significant
positive association between positive chest X ray and cumulative

exposure and smoking (both p<.05).

Percentage of wor
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KEY TO TABLE 41 AND TABLE 42

T = trionizing
PP pilot plant
PM = plant maintenance

CM = central maintenance
W = warehouse

P = packaging

SP = seed plant

R research

FO = front office

PF = polyform

Any injury that could contribute to abnormal X ray.

Any other employment with possible exposure to
significant amounts of airborne mineral dust or fibers.

the evaluation of a physician.

Any pleuritic chest pain > 6 hours duration requiring

All -pulmonary function tests corrected for smoking
(pack-years) and height. All subjects were white males.

X ray results
(-) No x-ray changes
(+) Costophrenic angle blunting

(++) Significant pleural abnormality (breakdown of
of pleural abnormalities described in Table 42)





There were no differences between positive X rays and nega-

tive X rays for any of these parameters.

Of the 14 cases of pleural effusions and interstitial
changes, 1l associates were employed at the company when the
cross-sectional study was conducted (2 developed effusions
after completion of the study). The radiologic outcome of
11 cases are summarized in Table 43. There was residual
disease noted on 6 of 9 individuals, while 3 had normal
appearing X rays. Three had significant pleural disease,
while 3 had only CPA changes. The 2 cases that originally
were diagnosed as having interstitial changes without docu-
mented effusion had only residual pleural changes.

There were 5 associates with abnormal radiographs not
interviewed. Two were retired and one was a long-term dis-
ability. Two were currently employed, but not interviewed.
Table 44 reveals x-ray results of the 5 associates not
interviewed. No clinical or physiologic data is available
for these individuals. The x-ray results of these 5 sub-
jects were not included in the previously discussed x-ray

data analysis.

Current Status of Original Employees with Pleural Effusions

As of July 1981, 11 of the total 14 cases (12 pleural
effusion plus 2 with interstitial changes) were still

employed by the company. The current medical status of





JABLE 43

COMPARISON OF CASES OF PAST PLEURAL EFFUSIONS AND IMTERSTITIAL
HANGES STIL PLOYED TO 1979-1980 CHEST RADIOGRAPHS

Past Pleural Effusion Case ‘1979-1980 Chest Radiograph

DG Left Pleural Effusfon formal

OP Right Pleural Effusiop . Normal

DS Left Pleural Effusion . Normal

TC Right Pleural Effusion Right CPA

HJ Right Pleural Effusion Right CPA

FO Right Pleural Effusion Bilateral CPA

N8 Left Pleural Effusion Bilateral Pleural Thickening B/2
Left nlaques 1/1

DS Diffuse Bilateral Pulmonary Fibrosis Bilateral Pleural Thickening A/}

DR Bilateral Pleural Thickening with Bilateral Pleural Thickening €/2

Diffuse Minimal Fibrosis

DA and JR had normal chest radicgraphs during the cross-sectional study. These
employees subsequently developed pleural effusions.





6T

Js

o

DN

RH

TABLE 44

CHEST RADIOGRAPHS OF EMPLOYEES NOT INTERVIEWED

DURING CROSS-SECTIONAL STUDY

Bilateral small {rreqular opacities
(currently employed--not interviewed)

Right sided small rounded opacities
(retired)

Bilateral pleural thickening
(Yong term disability)

Lleft sided pleural thickening
(normal retirement)

Left sided pleural thickening

Left sided pleural plaque

Left sided pleural calcification
{currently employed--not interviewed)

Type t, 2/3

Type q, 1/0

8/2

B/1

A/l
170
Grade 1
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these subjects are described in Table 6a, while Table 6b
summarized information on the 11 employees. Of the remain-

ing 3, 1 employee retired and 2 were working at other jobs.





Index

TABLE 6a

SUMMARY OF ASSOCIATES STILL EMPLOYED

Findinpgs from June 19804#

Current Are at Fiber/ecc/year Abnormal X ray Tay yspnea T rErecdictnd .CO Y3 .
Cane Are Dingnosls Exposure Finding £ Pred, Fynm.
DS Wk 33 23.1 left effusion normal none FEVl 99 112 normal
1970 1imits e 103
FEV,/FvC% 17
FEF2s-15 10
NB 53 43 17.2 "left effusion  bilateral
1971 pleural
thickening
B/2
left plaque
11 18 104 crackles
Grade I 90
68
33
o k9 Ly 2.7 left effusion  normal none 95 10k normal
1976 98
7
66
i 55 51 13.8 Right effusion right CPA+ Crade 1 87 1ks normal
1917 blunting 87
78
59
D5 59 55 9.7 diffuse bilat, bdilateral  none 66 55 normal
pulmonary pleural 92
fibrosis thickening 56
1977 A/L 22
bR b9 47 4.0 bilat, pleural bilat. - none 73 128 crackles
thickening vith pleural 78 | .
diffuse minimal thickening (L] clubbing
fidbrosis c/2 b7
1977

Lyl






N "

TABLE 6a(cont'd)
SUMMARY OF ASSOCIATES STILL EMPLOYED.

Findinps from June 1980%%

Index Current Age at Fiber/cc/year Abnormal X ray X ray Dyspnea  PFT % Predicted Dleco Phys.
Case Are Diagnosis  Exposure Finding % Pred. Exam,
oP 55 52 25.4 right normal none ) 73 156  normal
efrfusion 1limits et
1978 67
32
FO 32 29 5.7 right bilat. none ° 109 - normal
effusion CPA 106
1978 blunting 83
87
TC L8 LY 3.7 right right CPA none 90 100 crackleg
effusion blunting 108
1979 67
38
JR g Lo 9.0 right sided normal none 128 131  normal
effusion®* limits 120
Nov. 1980 B
103
DA L6 L6 1 pleural effusion noymal none 15 70  crackles
with subsequent 1imits 76
possible peri- 8o
cardial effusion® 51
Jan, 1981

*The film reviewed for the cross sectional studies were normal, Subsequent films were reported to reveal these
abnormalities.

**Employces MV, DC ond LG were not present in June 1980 and therefore no data is available
tCFA refers to costophrenic angle
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TABLE 6b

SUMMARY OF CURRENT INFORMATION ON
SUBJECTS
EXAMINED IN JUNE 1980

Total Number : 11

X rey Status 1980
Normal
CPA blunting
Pleural thickening
Plaques

Crackles on Physical Exam

[e) 2 RPwwwm

Abnormal PFI's
Restrictive
Obstrictive
DLCOsb Abnormal

VIR =g\

¥Two subjects developed effusions
after the study in June 1980.
Three subjects were normal at the
time of the study.
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CHAPTER XI

DISCUSSION

The adverse health effects of human exposure to asbestos
are documented. The long latency period between first expo-
sure and subsequent development of certain disease states is
an important factor. Asbestos produces a wide spectrum of
effects including:

1. Nonmalignant pleural diseases (pleural thickening, hya-
line and calcified plaques, and benign bloody pleural
effusions):Sr37,38,39-46
2. Diffuse interstitial pulmonary fibrosis (asbestosis):

8' 21, 46-49

3. Malignant mesothelioma of the pleural lining and

peritoneum: 8,21,46-49

4, Carcinoma of the lung:54-59
The following points are important when considering
asbestos-related disease. 1) There is a wide variation in
human response to asbestos exposure both in terms of devel-
opment and progression of disease; 2) there usually is a

latency period of several years before asbestos-related
disease becomes manifested and recognized; 3) asbestos-

related disease states may progress independent of further

asbestos exposure.
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Human exposure to asbestos may occur through its contam-
ination of other minerals. A variety of minerals exist in
ore deposits and quarries in varied habits, including
fibrous forms and elongated cleavage fragments. There are
over 150 minerals that may occur in fibrous forms as pub-
.lished recently by the Mine Safety and Health Administration.
Workers can be exposed unknowingly to these fibrous minerals

60 Some mineral deposits

of undefined biological activity.
contain asbestiform minerals és impurities. Vermiculite is
an example of a mineral that can be contaminated with asbes-
tos (tremolite~actinolite) depending on the source of the
ore.

Since amphibole tremolite is not mined or used commer-
cially, no working populations have been identified exposed
only to tremolite. Tremolite, however, may contaminate
samples of commercial asbestos or talc. Animal studies with
tremolite have shown it to be both fibrogenic and tumori-
genic.61 There are numerous reported epidemiological stud-
ies of miners and millers exposed to talc contaminated with
amphibole (tremolite and anthophyllite) and surpentine
(antigorite, chrysotile, and lizardite) asbestiform minerals.

A review of the talc literature seems appropriate for com-

parison with this study.
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Lung disease has been documented in workers exposed to
industrial grade talc contaminated with asbestiform minerals.
Disease simulates asbestos-related disease. Exposed workers
report symptoms of dyspnea (most common) and cough; physical
findings reveal diminished breath sounds, basilar crepita-
tions, clubbing, and cyanosis. Forced vital capacity, one-
second forced expiratory volume, total lung capacity and
carbon monoxide diffusing capacity are reported reduced.
Abnormalities seen on chest roentgenograph include reticulo-
nodular parenchymal changes and pleural involvement includ-
ing plaques, thickening and calcification. The mean dura-
tion of talc exposures was 20 years. The average dust expo-
sure was 60-70 million particles per cubic foot (mppcf).sz-67

In 35 workers exposed to talc contaminated with tremo-
lite and anthophyllite, 34% revealed roentgenographic find-
ings consistent with pneumoconiosis; 63 percent reported
dyspnea and 22% had lung crepitations on physical examina-
tion. The mean duration of exposure was 17 years. The mean
weighted average dust exposure was 23 mppcf and the mean
weighted average fiber exposure >5 mm in length was 159
fibers/cc. A comparable group of workers exposed to a mean
weighted average dust and fibers of 18 mppcf and 43 fibers/
cc demonstrated a significant increase in prevalence of

dyspnea (23%).68’69
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Mortality studies of talc miners and millers from the
northern part of New York State with 15 or more years of
exposure to talc dust and employed between 1940 and 1965
showed an increased proportional mortality due to malig-
nancy of the lung and pleura and from pneumoconiosis or its
complications: cor pulmonale, tuberculosis, broncho-

70 The mean duration of exposure was 24.7 years

pneumonia.
with the total dust exposure averaging 340 mppcf before
1945 and 27.6 mppcf between 1946 and 1965. The elapsed time
from first exposure to death caused by pneumoconiosis was
25.9 years. Death from carcinoma of the lung or pleura was
four times the expected death rate and the majority of
deaths occurred between 60 and 70 years of age. Another
study of the Gouverneur Talc District of upper New York
State revealed similar results.7l A more recent mortality
study of the same workers extended to 1969 showed 50 percent
fewer deaths due to pneumoconiosis in the 1965-1969 periods.
The improved mortality was felt to be due to improved envi-
ronmental controls and reduced dust levels.72
A recent morbidity study on miners and millers of talc
containing tremolite and anthrophyllite fibers indicated a
significant increased prevalence of pleural thickening (31
percent) in workers having more than 15 years of employ-

73,74

ment. Workers with pleural changes demonstrated

reduced pulmonary function tests compared to workers without
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pleural changes; mean spirometry results of the talc workers
were significantly lower than controls. The mean total par-
ticulate and fiber exposure was 10.62 mg/m3 and 1.28 fiber/
cc >5 um in length. These exposure levels did not neces-
sarily reflect past exposure.

The present cross-sectional epidemiological survey of
workers exposed to vermiculite contaminated with tremolite-
actinolite has similar exposure levels and radiographic
findings of the last mentioned talc morbidity study.73’74
However, the talc miners and millers were exposed to both
tremolite and anthophyllite. The latter is known to be
associated with pleural abnormalities.

There is a recent report of 7,000 inhabitants around the
town of Cermik in southeast Turkey where many deposits of
asbestiform minerals occur and are used to make whitewash or

75 The survey revealed 6.5% with pleural thickening

stucco.
and calcification; 1.5% of the total population had evidence
of interstitial pulmonary fibrosis. The whitewash or stucco
material contained fibrous tremolite and nonfibrous anti-
gasite/lizordite, chlorite and talc. A lung biopsy of a
patient revealed large numbers of tremolite fibers. A high
prevalence of mesotheliomas was noted in the Cermick popula-
tion compared to surrbunding areas without asbestos déposits.

In the present study, the results of the respiratory

questionnaire were compared to an internal control group with
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membrane filter counts per ml to midget impinger counts
(mppcf) can vary from 1.7 to 21.9); 4) the evaluation

30 The exposure

technique; and 5) the nature of the fiber.
indices for various job positions in the present study are
only estimates based on previous available industrial
hygiene data. In most likelihood the values underestimate
the true occupational exposure.

In a study of Quebec.chrysotile asbestos miners, Grade
1l or greater pleural thickening occurred in 2.4 to 2.9% of
workers with less than 10 dust-year exposures. Pleural cal-
cification was seen in 0.0 to 0.7% of workers; costophrenic
angle obliteration was observed in 4.4 to 5.1% of workers.
The prevalence of pleural abnormalities increased with age
as well as total dust exposure. In the Quebec study, 5
million particles per cubic foor (mppcf) was estimated to be
equivalent to 180 particles per cubic centimeter (ppcc), or
12 fibers per cubic centimeter, depending on the proportion
of fibers among the particles. The total dust exposure was
the sum of the products of respirable dust levels multiplied
by the number of years worked at that dust level, corrected
to a 40-hour work week. Therefore, 1 mppcf ~ 2.4 fiber/cc
and 10 dust-year exposure n 24 fiber/cc/yr.40

The level of cumulative exposure to asbestos-like fibers

at the company were generally relatively low when compared

to other studies. For radiographic evaluation, 48 associates
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exposure and history of pleuritic chest pain and pre-
sence of pleural changes on chest radiographs.

Chest radiograph abnormalities, mainly pleural changes,
were seen in 22 associates, 4.4% of the population
studied. The epidemiologic study indicates a s£rong
trend towards a statistically significant association
between cumulative fiber exposure and pleural changes
noted on chest X ray. This association was observed
with a lower cumulative fiber/cc/yr exposure than
generally recognized in the medical literature.

The majority of reported respiratory symptoms did not
significantly correlate with fiber exposure.

There was no observed.association between fiber expo-
sure and measurable change in spirometry or CO diffu-
sion capacity.

There was essentially no relationship between fiber
exposure and parenchymal abnormalities on chest radio-
graph. However, parenchymal changes were rare. Since
exposure levels were low, parenchymal changes may not
be expected.

No new cases of pleural effusion were found during the
cross-sectional survey, but two cases developed after

completion of the study.





10. As expected, a strong statistical correlatiqn was noted

between cigarette smoking, presence of respiratory symp-

toms and reduced spirometry and CO diffusion capacity.
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CHAPTER XIII

" RECOMMENDATIONS

1.

Continue to maintain the associates' current exposure
to tremolite-actinolite asbestos-like fibers at the
lowest possible level through process changes, environ-
mental controls and ore selection.

The industrial hygiene data for some job positions is
limited. The industrial hygiene monitoring program
should be expanded to include all job positions with
possible vermiculite exposure. The 1976 OSHA regula-
tion for asbestos requires personal and area sampling
for asbestos fiber levels when airborne asbestos fibers
are detectable (0.1 - 0.5 fiber/cc). The regulation
further states that sampling be at intervals not
greater than 6 months for employees whose exposure to
asbestos may reasonably be foreseen to exceed the 2
fiber/cc 8-hour TWA exposure limit or ceiling concen-
trations of 10 fiber/cc.78
Periodically identify exact type of fibers collected
during industrial hygiene monitoring.

Analyze various available vermiculite ores in unexpanded
and expanded forms for the presence of fibers. This

should be performed periodically because of the source

variability.
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If fibers are identified in the ore analysis, they
should be analyzed as to type of fiber and chemical
composition.

Incorporate results of personal industrial hygiene
monitoring in the medical records of the associates.
The data should include type of sample, flow rate,
date and time, duration of sampling, person doing
sampling, and the analysis results. A personal file
of these results allows better correlation of health
changes to workplace exposures. A central file could
provide the same igformation, but may be more cumber-
some.

Consider starting an incentive program for the asso-
ciates to stop smoking. There is a definite health
hazard associated with cigarette smoking as demonstra-
ted by the observed significant association between
smoking and respiratory symptoms and reduced spirometry
and CO diffusion capacity. There is also the well-
documented synergistic effect of cigarette smoking and
asbestos exposure with the development of lung cancer.
Survey the available medical :ecords of individuals
living within the community to document whether there
truly is an unusual cluster of bloody pleural effusions

only in the company associates.
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Establish a health registry for all present, future and
past company associates with pleural effusions or pleu-~
ral abnormalities on chest radiograph. This would help
establish information on the natural histories of these
abnormalities as they relate to the more serious con-
sequences pf asbestos exposure.

Associates with pleural disease should be followed
yearly with standardized history and physical exams,
chest radiographs and spirometry. The tracking of the
participants and the retrieval of the medical inforﬁa-
tion for each participant could be the résponsibility
of a University Medical Center under contract to the
company .

Continue medical monitoring program (history and
physical examination, chest radiograph and spirometry)
for all company associates exposed to airborne asbes-

tos fibers from contaminated vermiculite.
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APPENDIX I

SNPLE A-16475

Thirtcen fibers were analyzed with the electron nicroscope. Of those, five
were varieties in the tremolite = actinolite ceries as deternined by sclected
arca diffraczion, morphology and elemental composition by x-ray dispersive -
analysis. Four more fibers lacking good x-ray dispersive data appear to be
in the tremolite —~ actinolite series. Three fibers are menmbers of the
vermiculite group. One fiber was not analyzed due to puvor positioning on
the grid. (Fiber mo. 2). The results are as fo].lous- (Some f£ibexrs show
shrinkage from vacuun and bzan effects).

r-3 a Ancle Indexcd/Pole . Corment
1 5.27 17.94 108* N Tremolite-actinolite
3 5.27 17.95 110° X - Tremolite-actinolite.
. . - EDX not reliable
4 5.13 3535 101° Y<510% Trenolite-actinolite to
Richterite due to (K,Na)
a>=Ca
5 5.11 17.14 -— N Tresolite-actinolice
probably,{no EDX)
6 4.71 hexagonal pattern at one posiuon but tr:xcsnxc,verniculi:e
7 - 4.70 23.89 N Vermiculice
8 Insufficient pattern for full analysis but appears as tremolite-actinolite
9 4.08 20.18 N Vermiculice
10 5.27 8.93 110° s Tremolite-actinolite ~no EL
11 '5.23 : 9.06 ¢ - N Tremolite-actinolite =no EL
12 — — lo00* Y<O01e> Tremolite
13 5.26 17.66 98.5° K Tremolite~actinolite to
’ Richterite

f s

Daniel T. Crane
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(f Memorandum

‘April 14, 1581

Chemist, MSS
Through: Chief, MRSB

Results of the Microscopic Analysis of Four AR Filters. Sequence 288l.
Chief, EIB, DRDS

Attention: John Zey

Four filters collected st the Scott Fertilizer Company, Marysville, Ohio,

‘weye submitted for fiter count end fiter identification. The suspected

fiter on the filters was tremolite.

A wedge-shaped section approximately one-eiphth of each filter was prepared
for Phase Contrast Microscopy (PC) via & Millipore Procedure published in &
1577 Tectnical Service Brief. Each preparation was then counted at 400X
magnification on a microscope with a field area of 2.50 x 10> mm2,
The criterion set forth in Method Number P&CAM 239 in NIOSH Publication
Number 77-157-A was followed in determining what was counted as a fiter.
This method defines & fiter (for asbtestos counting purposes) as a particu-
lete which has a physical dimension longer than five micrometers snd @
length to diameter ratio of 3 to 1 or greater. The results of this fiter
count are tatulated at the end of the report.

A circuler section approximately one centimeter in diameter was also taken
from each filter end prepared for Electron Microscopy Analysis (EM) via the
Zunwaloe-Dement Procedure outlined in NIOSH Publication Number 77-20%.
Each preparation was scanned at 10,000X magnification and a scan of 25 grid
openings revealed tremolite present on all four filters.

Fiters composed of Ca&S, Ca&P snd varying amounts of Mg, Al, Si and K were
also present, and the tremolite comprised less than )X of the total volume
present in the 25 grid openings.

The high Ca (3.69) content shown by the EDAX spectra of filter rumter
10-3252 is protably due to other particulate matter on the filter.

'rs‘ S

aTilyn Hawkins, ist,

Attachments
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Filter Total Total Fibers/ Fibers/
No. Fibers Fields  Field  Fibers/mm? Filter
0-3241 15 100 0.15 60 51,300
0-3252 3.5 100 0.035 14 11,970
0-3292 9 100 0.09 36 30,780
0-3294 4 100 0.04 16 13,680
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X III

Health Survey

Last Name: _ _ _ _ _ _ _ _._.___ Address
1-12
Phone No. ____
First Name _ _ _ _ _ _ _ _ _ _
13-23 Intervievw date 1 !
Col. Col.
23-27 {Pactient 10 # i 54 |1f yes, in what area did you
previously work? -
23-36 |Soc. Sec. # e __1_ __4 (IF 30, SKTP 70 fol. 83)
37 |Sex Male 1
Female 2
55-58 {Date entered Ho, YT,
38 |Race inice 2 | 59-62 {Dace 1etc
Oriental 3 - =
&
:mgcmA:dtm s 63 |Have you worked in another
P.bom r- area of employment at No 1
Other 9 yme
Yes 2
64 |1f yes, vhat was your previocus
orevious work area? -
39 |Marfeal Scacus: IF NO, SKIP TO COL. 83.
Never married 1
Married 2 | 65-68 |Date entered #o. Yr.
Separated 3 -—— -
Divorced/Anulled & | $9-72 |Date left
Widow H -_— -
40 |Education: H. ked in another
(highest grade in school n ave you worked In ano o 1
completed) Yes 2
College graduate 1 74 |[If yes, vhat wss your previous
Parcfal College 2 work area? (IF %0, SLTP 0
High School grad. 3 Col.83)
Partial High School 4 -
Less than 9 years H
Unknown
75-78 |Date entered Mo. Yr.
{OCCUPATIONAL HISTORY/ == -
. .| 79-82 |Date left - -
41-44 |When did you first begin Ho. ¥z
working at ? - -
L}
45-46 |How many years have you - HAVE SUBJECT FILL OUT EMPLOYMENT GRID
worked at ?
47 [Have you voricd at -~ can yor
continuously? X 1 HAVE YOU EVCR NORELD UITH ANY OF
Yes 2% THE FOLLOWING MATERIALS OR IR THE
! FOLLOWING JOBS?
48 |What i3 your present area of []
enployment at ? ! 83 |Mintng or milling of [ 1
Trionize operation 13 ashestos? Yes 2
Concrol area 2 3 K 9
Pelyfoam sres 3 I
Packaging 4 i 84 [Handling of asbestos materials?
Warehouse S No 1
Maintenance 6! Yes 2
Research 7! 13 9
Front offfce e
Other, ? 1 85 |Spraving asbescos insulation? No 1
. Yes 2
: oK 9
49-52 |Vhen did you first begin Mo, Yr,} 86 [Filler and grouting? Yo 1
working in this area? . Yes 2
----i x 9
1
* 87 |Textile manufacturing with
$3 {Have you ever worked in another i asbestos such as
area of employment at ? No 1 H ¢loth, curtains, l"“"f No 1
Yes 2 ¢ protective clothing, ma i Yes 2
- bacs, padding, conveyor DK )

belts?
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Page 2
Health Survey
Name w__
Col. Col.
L :::::t::o:::;s‘:onninlnc ¥o 1 Have you ever been exposed
w11l board, roofing felt, Yes 2 occupasianally to the following ! X
fine quality eleccrical DK 9 114 | Talc? Yes 2
papers, flooring felr, DK 9
fillers
89 | Asbeatos cement products o 1 113 | Graphite? :::’ ;
including Yes 2 K
sussiv, plpes, toofing and/or DK 9
shingles, gutters, ventilation . %o 1
shafes, flower pots? - 16 Fibrous glass: Yes 2
90 | Friction materials such as No 1 x s
gaskets, clutch plates, Yes 2 u7 Mineral Wool? %o 1
brake lianings? . X 9 Yes 2
91 | Asbestos insulation products No 1 x ’
involving pipe & boiler Yes 2
insulacton, bulkhesd lntng ok 9| 118} Ceramic fiber? .‘f:‘ ;
for ships? P 9
il Rt veid i iie il 119 | Fuller’s earch? %o 1
boards and tiles, putties, No 1 ;;’ :
caulks, paints, joint Yes 2
filler, insulation DK 9
120 Mica? Yo 1
macerials? Yes 2
93 | Repair and desolition work?  ¥o 1 ko9
Tt 21 a2 reniteer o 1
Yes 2
9 { Ship butlding including %o 1 o9
insulation material for Yes 2
engines, hulls, decks, oK 9 =
lagsing for ventilacion {HEALTH KISTORY/
,
and water pipes and cables? Jcouen ‘ X0 YES
9 122 Lo you usually have a cough?
5 Re::i; ::d reficeing ships f:, ; {Count a cough with first
insulation material for DK 93 jsmoke or on first going out-
engines, hulls, decks, i of~doors. Exciude clearning
lagging for ventilation i °tl""°,“) 1 no skip to L 2
and water pipes and cables? H Coll26
[
96 | Manuf H
.:‘::::3:: ::v::s:::hs of ::. ; i 123 {Do you ususlly cough as much
gaskers, brake linings, X 93 a5 & £o 6 times a day, & or "
undercoating? : more davs out of the week? 1 2
97 |Have you ever been exposed Xo 1 E 124 [Do you usually cough ar ail
to asbestos wvhile at work? Yes 2 n geteing up or first ching v .
DX 9 . in the moming? 1 2
If yes. in what job -
ion? B
:f occupation . 125 [Do you usually courh at all
H urine the rest of the day
98-101) Date entered ! v night? T2
|
102-105] Date lefc "
H Mo, Yr. -
i 2 -
106-109E ODice entvred -
110-113] Date left r__
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Page 4
Health Survey

Name 1of /

Col. Col.

;’:::“:h:::ﬂ“‘;‘:::"y::':m CHEST COLDS AND CHEST ILLNESS

wost trouble? 3 ": “;' 204 {1f you get a cold, does it  No Yes
2 r‘:' T 2 usually go to your chest?
1713 ": . 1 2 (Usually means smore than
};; ‘P:- 1 2 172 the ciae) 1 2
176 ' May 1 2
1;: 3’:‘ i g 205 | During the past 3 years, have
3 - Y 1 2 you had any chest illnesses
179 Sc" % that have kept you off work,
::g Oc:t' : 2 . indoots at home, or in bed? 1 2
i:: rov- : : IF YES TO 20:
206 bié you produce phlegn
vith any of these chest
BREATHLESSNESS %o Yes 1llnesses? 12

184 | Are you disabled from walking
by any condition other than
heart or lung dissase? 1IF
YCS, please describe:

1 2 207-208 In the last 3 years. how
many illnesses vith
({ncreased) phlegn, did you
have which lasted a week?

ot more? -
N Yes
IF YEE, WOW GO TO Col. 204. 209 | Have you ever had any lung
trouble before the age of
No Yes 161 1 2
185 | Ars you troubled by shortness
of breath when hurrying on the 210 { Have you ever had sttacks
level or valking up a slight of bronchitis? 1 2
hill? (1f no, go to col,204) 1 2
IF YES TO 185: IF YES:
186 Do you have to walk slover
than than people of your 211 Vas it confirwed by a
age on the lavel because doctor? 1 2
of breathlessness? 1 2
212-213 At vhat age vas your
187 Do you ever have to stop . first attack? —-——
for breath when walking
at your own pace on the Yo Yes

level? 1 2 214 | Have you aver had pneuacnia
{include bronchopneumonia)? 1 2

188 Do you ever have to stop
for breath after walking IF YES
100 yards (or after s
fev minutes) on the level? 1 2 215 Was it confirmed by a
doctor? | B ]
189 Are You too breathless to
leave the house or have 216-217 At vhat age did you first
breathlessness on dress- have ft? -
ing or undressing? 1 2
o Yes LN
%90-191 For how long have you been 218| Have you ever had hayfever? 1 2 9
short of breath? (years)
-= IF YES
During which months do you
have mest trouble with short- 219 Was it confirmed by a
ness of breath? No Yes doctor? 1 2z 9
192 Jan, 1 2
193 feb. 1 2 §220-221 At what age did it stare? _
194 Mar, 12 -
195 Apr. 1 2
196 May 1 2
197 June 1 2
198 July 1 2
199 Aug, 12
200 Sept. 102
20} Oct. | S
202 Nov, 1 2]
203 e, 1 2.
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Hame e m'_"’_--
iCol. Yo Yss DX
Have you ever had chronic ¥o Tes DK 243 |#as a doctoT ever told you
bronchitis? 1 2 9 that you had heart trouble? 1 2 9
1F YES
IF YES: 264 Have you ever had treat=
223 | Do you still have ic? 1 2 9 ::“:h?;“,‘:';; ;::‘::g‘ X .
224 Was it confirmed by 8
d:ctott 4 1 2 9 243 |Has a doctor ever told you
chat you had high blood
25226 | At what age did it starc? . piood pressure? 12 9
Vo  Yes DK LF YES, 1
227 lHave you ever had emphysema? 1 2 246 Have you had any creatment
1F YES for high blood pressure
’ (hypertension) in the past
228 | Do you sill have ic? 1 02 9 10 years? 1 ?
229 Vas it confirmed by 8 Yo Yes D&
doctor? 1 2 9 247 [Have you ever suffered pain
located in your chest which
?
30-231 | At vhat age &1 it start? : Lasted longer than 6 Bours® 1z 9
No Yes DK+ IF YES,
232 |Have you ever had asthzal 1 2 9 48-253 fiov long 414 the pain -
IF TES, :;::f’zagr %0, SKIP TO
233 | Do you still have it 1 2 9 Hours -
" Days —
23% Yas it con {rwed by 8
doctor? 1 2 9 eeks .
235 Do you currently vequire
medicine or treatment for - ..1\ therg was the pain located?
asthoa?l 1 2 9 I,, .
b16-237 | At what age did it start?
b38-239 1f you no longer have it, at . . . 4
what age di1d it stop? 1
I - [
Yo Yes OK N . .
240 |Have you ever had any other H \ .
chest illness? 1 2 9 \ « ,
FRONT BA
if 1 i€ : Yo Yes '
yes, please spectly L)) Widchest 1 2
H 3
1 253 Anterior 12
‘; 256 Lateral 12
241 lHave you ever had any chest '
= op.:.y;hm.? ¥ chet 2 9 ‘: 237 Posterior 1 2
L)
1f yes, please specity p 8 vidback 1 2
Yo Yes U

pid the pain get worse
when you took a Jdee?
breatn?

242 [Have you ever had sny chest
injuries?

1t yes, please specify

\
260 [Did you have & fever with
he chest pain?

se s amean

IF YES,

261 Las temperature 100%F

Cane.a-

or mote by thernoneter?

o Yes
1 2

12

9

184
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the pipe swoke’ 2

NAME we __ /7 ___
col. ¥o Yes DK{Col.
262 Did you have shaking chills 286-287 Age _—
with the fever and chest
pain? 1 2 9;288-290 Length of time taken? .
veeks
263 Did you have a cough with
the ;evcr and chu: padn? 1 2 9 291 Are you still caking o Yes DK
then? 1 2 9
264 Did chest pain worsen when
you valked or exerted your-
self and improve with rest?l 2 9 TOBACCO SMOKING Ko Yes
265 Did you see 8 physician for = 292 lHave you ever smoked cigar-
your chest pain? 1 ettes? (No weans less than
20 packs of cigarettes or 12
266 Were you hospitalized for oz, of tobacco in a lifetime
the chest pain? . 9' or less than ] cigarette a
3 day for a year) 12
IF YES TO 263 or 266, FILL OUT i
CONSEXT FORM i (IF ¥0 GO TO COL. 302.)
b IF YES
267 | Have you ever had pulmonary !
tuberculosis or histoplasmosis?l 2 9 293 Do you now smoke cigarectes
H (as of 1 month ago)?
268 | IF YES, was it confirmed by ¢
a doctor? 1 2 9 294-298 How old were you when you
H first started regular cig-
269-270 { At whac age did it starc? __: arette smoking? -
No Yes DK 296-297 1f you stopped smoking
271 | Have you ever had a TB skin 4 cigarettes completaly, how
test (PPD or Tine)? 1 2 9 old were you vhen you
IF YES H stopped?
! - -
']
¥hat were the results? M 298 How many cigarettes do you
s smoke per day now? _
2 positive 1 2 9! -
: 299-300 On the average of the entire
73 negative 1 2 9 time you smoked, how many
T cigarectes did you smoke’
M per day
27 |Have you ever coughed up . -7
blood? 1 2 9 301 Do or did you inhale the Xo Yes
M cigarette smoke? 1 2
IF YES: H
275 do you still do it? 1 2 9 302 | Have you ever smoked a pipe
H regularly? (Yes seans nore
276 vas it confirned by & i than 12 oz. of tobacco in a
doctor? 1 2 9 1ifetime.) 1 2
237=278 age started? " IF %0 GO TO COL. 313.
279-2%0 nunber of occasions? N IF YES
~ <. 303-304 How old were vou when you
. started to snoke 8 pipe
281 ‘Hn & doctor ever told you So Yes DK regularly? pip
that you had a pulmonary . -
exbolus or dblood clot on 305-306 1f vou have stoppad snokinaz
your lungs? 1 2 9 a pipe completely, how old
292-283 |If ves age at occurrence? N were you when you stopped’ -
" 307-308 On the averate over the
284 iHave vou taken - Xo Yes DK time vou smoked pipe tcbaceo,
Tave (“u“"u:::::);hln L 2 s how ruch pipe tobaceo did vou
‘! . smoke per weex?
;" YEs (a standard pouch contains ==
288 I et 11/2 oz.)
; 309-310 Row much plpe tobaceo are
: - wou smoking now?(Oz.ner -
i veek) %o Yes
: n1-312 Do vou or 21¢ vou inhale
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Nane wr__
Col. No Yes  lco1, - .

313 | Have you ever swmoked cigars i JPHYSICAL EXAMINATION/ o v
regularly? (Yes neans more ] : ;‘
than l(dpr a veek for s L2 : 341 | Clubbing

IF 3¥0 GO TO COL 323)
yesr) 1 32 | crackies 12
IF YES. 1
M IF YES Inspiratory
314-315 How old ware you when you B eucxluz
started smoking cigars : 343 One locus, R
1 :
resularly == 3 k113 Two loci, R 1 2
316-317 1f you have stopped smoking ..
cigars completely, how old . 343 One loci. L 1 2
? -
wara you when you stopped? - % Tvo loct L 2

318-319 on the average, over the
entire time you smoked :
Cigars, hov many cigars 1347-352 { Date of birch it __

b

» -
did you snoke per veek? ~=~ 1353358 | Date of tesc it _l__
No Yes Dk ;
322 Do vou or did you inhale - e ETIONT
the cigar sooke? 1 2 9 SPULMONARY FUNCTION TEST/
Yo Yes Ok Spirocecty
JEAMILY MISTORY/ . .
359-361 | FEV, neasured -t -
Was yvour natural father ever
told by & doctor that he had 362-364 2 of pradicted _— - -
323 Chronic bronchitds? 1 2 9 135.367 | IvC measured - -
34 Emphysema? 1 2 9 368-370 % of predicted ———
3238 Asthza? 1 2 9 -371-372 m'lln'c - -
326 tung Cancer? 1 2 ¢ 737;-;75 WMEF neasured -t
327 %er chest conditicns? 1 2 9 "375-378 * X of predicted ———
328 ll{ vour fatner currently :
‘1iving? 12 9 €0 diffusion
329-330 illck' old 1is your father {(or -379-382 Measured -
'was vhen he died)? - - =
i 383-387 " predicted _—— e - -
331 ,Please spacificy cause of death
H 388-391 BLCO/VA .

N So Yes OK
Jwas vour natural cother ever
;eeld by a doctor that she had

132 . Chreasc droncatesst 1 2 9 i

333 E=phvse=a? 1 2 ¢ .!

34 . Astaza! 1 2 9 !

333 lung cancer? 1 2 § E

36 Other chest sonditdons? 1 2 ¢ {

337 1s vour nacursl mocxer scill :
aliver 12 9

335-339 Fow el2 48 vour =other (or
w2s$ vhen sae died)!

3.2 ?'..uu #recily cause of deach
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Job or

gype of vork

Naze & location
{city & state)
of eondanv

Length of |

e=plovment

Describe
Ixposute to any heslth
any toxic probiexs
gases, dusts, Telatea to
fuses or these
Chentcals gv=ctons
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TRABLE 12
< 1973 EXPOSURE INDEY

PLANT MAINTENANCE*

Time ‘X mean 8 hr.-TWA (yr)} = Fiber/cc/day

} Expander .123 8.18 (73) 1.006
Qther Trion-
jzing areas . 698 0.335%* 0.234
Polyform, -
Packaging L1739 .133 0.G24
and ware-
house

1.264

L |

* Pilot plant was calculeted to be the same as plant maintenance

** B hr.-THA is mean of jndustrial hygiene measurements from a1l job
descriptions of trionizing except expander and ciean-up.

B 8 hr -THA is mean of packaging (0.23), warehouse (0.11) and polyform (0.4)
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TARLE 13 .-

> 1974 EXPOSURE INDEX

PLANT MAINTENANCE*

Time X mean 8 hr.-TvA (yr)= fiber/cc/day
Expander »123 .488 - (76- 0.60
80)

Other
trionizing -698 L202%* 0.141
areas
Polyform, )
packaging, .178 L060*** 0.011
warehouse

0.212

*pilot plant was calculated to be the same as plant
maintenance

**8 hr.-TWA is mean of industrial hyciene measurements firom
all job descriptions of trionizing except expander and

clean-up.

**%8 hr.-TWA is mean of packaging (0.31), warehouse (0.11),
and polyform (0.040)}.
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TABLE 16

EXPOSURE INDEX

WAREHOUSE AND POLYFORM*

Time X § hr.-T9WA (vr) = fiber/cc/day

Warehouse 1.00 0.11 (75-77) 0.11 I
Polyform 1.040 3.049(75-78} l 0.049[

*The exposure index for warehouse and polyform was

_calculated from limited industrial hygiene data
from azbove noted years. No data was available
prior to 1875.







Low-Level Fiber-induced Radiographic Changes Caused

by Libby Vermiculite
A 25-Year Follow-up Study

Amy M. Rohs?!, James E. Lockey?!, Kari K. Dunning?, Rakesh Shukla3, Huihao Fan3, Tim Hilbert3, Eric Borton3,
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Cincinnati, Ohio; and *Agency for Toxic Substances and Disease Registry, Centers for Disease Control and Prevention, Atlanta, Georgia

Rationale: From 1921 to 1990, vermiculite ore from Libby, Montana,
was shipped worldwide for commercial and residential use. A 1980
study of a manufacturing facility using Libby vermiculite was the first
to demonstrate a small but significant prevalence of pleural chest
radiographic changes associated with amphibole fibers contained in
the ore.

Objectives: This follow-up study of the original cohort evaluated the
extent of radiographic changes and cumulative fiber exposure (CFE)
25 years after cessation of exposure.

Methods: From the original cohort of 513 workers, 431 (84%) were
living and available for participation and exposure reconstruction.
Of these, 280 (65%) completed both chest radiographs and inter-
views. Primary outcomes were pleural and/or interstitial changes.
Measurements and Main Results: Pleural and interstitial changes were
demonstrated in 80 (28.7%) and 8 (2.9%) participants, respectively.
Of those participants with low lifetime CFE of less than 2.21 fiber/
cc-years, 42 (20%) had pleural changes. A significant (P < 0.001)
exposure-response relationship of pleural changes with CFE was
demonstrated, ranging from 7.1 to 54.3% from the lowest to highest
exposure quartile. Removal of individuals with commercial asbestos
exposure did not alter this trend.

Conclusions: This study indicates that exposure within an industrial
process to Libby vermiculite ore is associated with pleural thickening
at low lifetime CFE levels. The propensity of the Libby amphibole
fibers to dramatically increase the prevalence of pleural changes
25 years after cessation of exposure at low CFE levels is a concern in
view of the wide national distribution of this ore for commercial and
residential use.

Keywords: vermiculite; pleural disease; amphiboles; fibrosis; mineral
fiber

Vermiculite is a micaceous mineral that expands nearly 20 times
its original size when heated (1). The expanded form has in-
sulating and absorbent properties, and has been used in nu-
merous residential and commercial applications (1, 2). From the
1920s to 1990, the Libby, Montana, mine produced up to 80% of
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

It has been previously demonstrated amphibole fibers can
cause pleural thickening and interstitial fibrosis related to
latency from initial exposure and duration of exposure.

What This Study Adds to the Field

Pleural and interstitial changes can occur at low lifetime
cumulative amphibole fiber exposure levels in a dose—
response manner.

the world’s vermiculite supply and shipped it to over 200 re-
gional processing facilities (3, 4). In 1979, the U.S. Environmen-
tal Protection Agency (EPA) estimated that 13 million people
lived within the vicinity of these facilities and 106 million people
were exposed to consumer products containing vermiculite (5).

A cluster of bloody pleural effusions in workers sparked
a 1980 study at a facility that was expanding Libby vermiculite
for use as an inert carrier for lawn care products (6). This was
the first published study to identify health risks from the am-
phibole fibers contained within the Libby vermiculite ore. Chest
radiographic changes (excluding solitary blunting of the costo-
phrenic angle), similar to that found with commercial asbestos
exposure, were demonstrated in 2.2% of the overall cohort and
8.4% of the highest cumulative fiber exposure (CFE) group (6).

This follow-up study reevaluated the current chest radio-
graphic status of the original 1980 worker cohort 25 years after
their last Libby vermiculite exposure. The objectives were to
determine the magnitude of any increased prevalence of chest
radiographic changes and to determine the CFE level associated
with these changes. Some of the results of this study have been
previously reported in the form of an abstract (7).

METHODS

Participants and Interviews

The eligible cohort included the original 512 participants (6) plus 1
additional worker identified from the original records. In 1980, these
513 participants had an average age of 37.5 (range, 16-66) years; 93.8%
were male and 96.8% were white. Current data were collected between
2004 and 2005. Each worker received a letter describing the study and
signed an informed consent. Those living within 50 miles of the facility
completed in-person interviews and chest radiographs at a nearby site.
Those who were living farther away completed telephone interviews
and obtained chest radiographs from nearby medical facilities. Inter-
views inquired about pulmonary history and job history since 1980.
Potential exposures to regulated commercial asbestos minerals, such as
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amosite, chrysotile, or crocidolite, were evaluated in the 1980 study for
all subjects and again in 2004 for all repeat participants. These data
were used in a subanalysis to exclude all those with reported com-
mercial asbestos exposure.

Chest Radiographs

Posteroanterior chest radiographs were classified independently by
three board-certified radiologists who are “B” readers using the 2000
International Labor Office International Classification of Radiographs
of Pneumoconioses (8). Radiologists were blinded to all identifiers and
10% known normal radiographs from another study were randomly
interspersed with the study films. Pleural changes that were considered
were localized (pleural plaques) and/or diffuse pleural thickening.
Localized pleural thickening was defined as thickening with or without
calcification, excluding solitary costophrenic angle blunting (8). Diffuse
pleural thickening was pleural thickening, including costophrenic angle
blunting, with or without calcification (8). Interstitial changes were
defined as irregular opacities, profusion of 1/0 or greater (8). For this
analysis, a radiographic reading was defined as positive when the me-
dian classification from the three independent B readings was consis-
tent with pleural and/or interstitial changes. Radiographs classified as
unreadable were not used. The original chest radiographs from the
1980 study were unavailable.

Environmental Measurement

The company in the original 1980 study began vermiculite expander
operations in 1957 and subsequently used Libby vermiculite ore from
1963 to 1980 (9). Initial environmental measurements beginning in 1972
were obtained by collecting airborne fibers on membrane filters at
a sample rate of 2 L/minute (6). Particles greater than 5 pm in length,
less than 3 wm in diameter, and with an aspect ratio of 3:1 or more were
counted as fibers (6). Before 1976, industrial hygienists followed a
worker with a sampling device (6), and subsequent levels were ob-
tained by personal breathing zone sampling (6). Fiber exposure dif-
fered greatly by department (6).

The primary independent variable was CFE in fiber/cc-years. The
reconstructed CFE was calculated using the traditional approach of
multiplying the 8-hour time-weighted average (TWA) by the number
of years at the TWA summed over all years (6). Objective estimates of
total workdays per year were unavailable because of extensive over-
time as reported by some workers through worker interviews (6, 9).
Due to new environmental controls, there was a decrease in fiber ex-
posure after 1973. Therefore, each department was assigned two val-
ues, fiber exposures through 1973 and exposures after 1973 (6). Each
participant was assigned a CFE value, which was the summation of
estimated fiber exposure by department, based on the years employed
between 1963 and 1980.

Evaluating Participation Bias

Participation versus nonparticipation bias for living workers was as-
sessed by comparing age as of July 1, 2004, sex, smoking history (yes/
no), hire date (<1973, >1973), and CFE. Characteristics of those who
participated in 1980 but were deceased before the 2004 study were also
assessed. To examine potential participation bias, the initial analysis
included all participants and living nonparticipants, assuming the latter
had normal chest radiographs.

Because of possible misclassification of historical fiber exposure on
or before 1973, analysis was also performed on all participants and
living nonparticipants hired after 1973. In addition, results of analyses
were also reported for participants and living nonparticipants after
excluding those who reported potential commercial asbestos exposure
on the basis of their respective 2004 and 1980 interviews.

Data Management and Statistical Analysis

For this 25-year follow-up study, questionnaire data were entered
directly into the computer during the interview using SAS PROC
FSEDIT (Version 9.1; SAS Institute, Cary, NC) and stored as SAS
datasets. All radiographic classifications were double entered manually
using SAS FSEDIT, and compared using SAS PROC COMPARE to
identify data entry errors.

Mean CFE values were compared between those with and without
chest radiograph changes using ¢ tests (at least 30 participants per
group) and the Wilcoxon-Mann-Whitney test (<30 participants per
group). CFE was also characterized dichotomously (<1 fiber/cc-years,
=1 fiber/cc-years) and by worker-exposure quartiles. To further assess
the relationship of pleural changes to CFE, the analysis progressed from
univariate and bivariate to multivariate analyses. Cofactors included
were as follows: age (40-49, 50-59, =60 yr), smoking history (yes/no),
body mass index (BMI), sex, and hire date (<1973, >1973). BMI was
calculated with height and weight measurements from local screening
and categorized in accord with public health recommendations (<24.9,
25-29.9, =30 kg/m?) (10). No BMI values were calculated for those
who underwent telephone interviews. A trend between pleural changes
by quartile and CFE was assessed using the Cochrane Armitage test
and two-sided P values. This test was repeated after removal of indi-
viduals who reported potential commercial asbestos exposure.

To determine the effect modification of the cofactors with regard to
the relationship between CFE and pleural changes, a series of logistic
regression models were conducted adding individual cofactors. To
evaluate the multicollinearity, PROC REG in SAS and the variance
inflation factor (VIF) were used as criteria to detect the presence of
any serious collinearity. A VIF greater than 10 indicates serious
collinearity, and none of the VIFs of the predictors in these analyses
exceeded 5. Furthermore, the effect of our key exposure variable was
quite stable regardless of which other predictors were present in the
model. Goodness-of-fit was determined using the Hosmer-Lemeshow
test. Crude and adjusted odds ratios (ORs) and 95% confidence
intervals (Cls) were calculated for pleural changes (yes/no) in each,
with the reference category calculated as the CFE below the 25th
percentile. By assessing all models and obtaining the ORs for each, the
robustness and consistency of CFE effect on the probability of pleural
changes were ascertained.

RESULTS

Population

Of the original 1980 cohort (n = 513), 82 (16.0%) were de-
ceased. Of the remaining 431 workers, 298 (69.1%) participated
in this study, 55 (12.8%) refused, 70 (16.2%) were located but
did not respond, and 8 (1.9%) were not located and were pre-
sumed living because they were not found in the National
Death Index. Of the 298 participants, 280 (94.0%) had complete
interviews and readable chest radiographs, representing 65.0%
of the original cohort (431) still alive after 25 years. Of the 280
participants, 274 (97.9%) were white. As shown in Table 1, the
participants and nonparticipants were not significantly different
in terms of sex or age. Participants, however, were significantly
more likely than living nonparticipants to have been hired on or
before 1973 (66.4 and 49.7 %, respectively), and had significantly
higher mean CFE (SD) at 2.48 (4.19) and 1.76 (3.44) fiber/cc-
years, respectively. The range in CFE for the two groups was
almost identical.

The distribution of participant CFE by percentiles was 0.28
at the 25th, 0.85 at the 50th, 2.20 at the 75th, and 9.32 CFE at
the 90th percentile (data not shown). The highest mean CFE
(SD) was in deceased workers at 3.31 (4.69) fiber/cc-years. Hire
date, age, and sex in participants were associated with CFE
(data not shown). For the 186 participants hired in 1973 or
before, the mean CFE of 3.58 (4.77) fiber/cc-years was higher (P
< 0.001) compared with 94 hired after 1973 at 0.30 (0.41) fiber/
cc-years. Also, there was a significant trend of increasing age
with higher CFE (P < 0.001), and the mean CFE of the 16
women was lower (P < 0.001) compared with men.

Pleural Changes

The prevalence of pleural changes for participants was 28.7%,
and after combining participants (280) and living nonparticipants
(151) it was 18.6%. This latter percentage was derived from the
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TABLE 1. DEMOGRAPHICS AND CUMULATIVE FIBER EXPOSURE OF PARTICIPANTS VERSUS

NONPARTICIPANTS*

Participants Nonparticipants Deceased
(n = 280) (n=151) (n= 82 P Value*
Age,® mean yr (1 SD) 59.1 (10.5) 59.4 (11.3) 74.0 (11.2) 0.53
Age’ range, yr 44-87 44-86 46-91 —
Male sex, n (%) 264 (94.3) 137 (90.7) 80 (97.6) 0.17
Ever smoked, I n (%) 164 (58.6) 100 (66.2) 62 (75.6) 0.11
Hired before or during 186 (66.4) 75 (49.7) 69 (84.2) 0.001
1973, n (%)
Mean (1 SD) cumulative amphibole 2.48 (4.19) 1.76 (3.44) 3.31 (4.69) 0.06
fiber exposure, fiber/cc-years
Range of cumulative amphibole 0.01-19.03 <0.01-19.02 <0.01-19.02 —

fiber exposure, fiber/cc-years

* Deceased persons were members of the original 1980 cohort who had death certificates dated before March 2004 when

interviewing started.

 This group is made up of both nonparticipants and those who did not fully complete the 2004 study: 133 were not located,
refused, or did not respond; 11 only completed the interview; and 7 had unreadable chest radiographs.

* P value compares participants and living nonparticipants.

5 Age as of July 1, 2004 (year of interviews), for the original 1980 cohort. For those deceased, this is the age they would be if still

living.
I'Smoking as reported in the 1980 questionnaire.

most conservative analytical approach because it assumed that
all living nonparticipants had normal radiographs. Comparing
the higher exposed quartiles to the reference quartile, Table 2
shows a significant trend (P < 0.001) of increasing pleural
changes with increasing CFE. A similar significant trend (P <
0.001) was seen in 368 participants and living nonparticipants
after removal of those with potential commercial asbestos
exposure (data not shown). Within this latter group, the overall
prevalence was 18.7% (69), and changes by exposure quartile of
CFE were 4.4% (4), 10.9% (10), 21.7% (20), and 38.0% (35).
Crude ORs were significant in the third (CFE range, 0.81-1.99
fiber/cc-years) and fourth (CFE range, 2.00-19.03 fiber/cc-years)
exposure quartiles.

No pleural or interstitial changes were noted by any of the
radiologists regarding the known normal films from another
study that were randomly interspersed with the study films.
Also, no additional individuals with a potential commercial as-
bestos exposure were identified in the 2004 participant inter-
views that were not previously identified in the original 1980
interviews.

The prevalence of pleural changes in the 280 participants
was 28.7%. Of the participants with pleural changes, 64 had
localized pleural thickening only, 10 had diffuse pleural thick-
ening only, and 6 had both pleural thickening (4 localized and 2
diffuse) with interstitial changes. Of the 80 participants with
pleural changes, 53 (66.3%) were bilateral, 14 (17.5%) unilat-
eral, and 13 (16.3%) split unilateral-bilateral, the latter as

classified by two radiologists. The mean time (SD) since initial
Libby vermiculite exposure for the 80 participants with pleural
changes and the 200 without pleural changes was 36.8 (4.9)
years (median, 37.9) and 32.1 (5.5) years (median, 31.0), respec-
tively. Participants with any pleural change (80) had significantly
greater (P < 0.001) mean CFE (SD) compared with the 200 par-
ticipants without pleural changes: 4.77 (5.72) fiber/cc-years (me-
dian, 1.99) and 1.56 (2.94) fiber/cc-years (median, 0.62), respec-
tively. Comparing the higher exposed quartiles to the reference
quartile, Table 3 shows a significant trend (P < 0.001) of increas-
ing pleural changes with increasing CFE. Of the 252 participants
reporting no commercial asbestos exposure, 69 (27.4%) dem-
onstrated pleural changes with a similar significant trend of
increasing pleural changes with increasing quartile CFE (P <
0.01), with a prevalence of 6.4% (4), 19.1% (12), 33.3% (21),
and 50.8% (32), respectively (data not shown). Crude ORs were
significant in the third (CFE range, 0.86-2.37) and fourth (CFE
range, 2.38-19.03) exposure quartiles.

An analysis of 94 participants (10 cases) and 75 living non-
participants hired after 1973 when more comprehensive envi-
ronmental measurements were available demonstrated a similar
trend of increasing pleural changes across increasing exposure
quartiles, which was not significant (P = 0.09) due to fewer
cases. Within the highest CFE quartile (range, 0.30-2.13), the
prevalence was 11.9% (5) with a crude OR of 5.68 (95% CI,
0.63-50.82). Similar trends (P = 0.18) were found after removal
of individuals with potential commercial asbestos exposure.

TABLE 2. PREVALENCE OF PLEURAL RADIOGRAPHIC CHANGES* ACCORDING TO QUARTILES OF
CUMULATIVE FIBER EXPOSURE IN 280 PARTICIPANTS AND 151 LIVING NONPARTICIPANTST

Range of Amphibole

No. of Workers

Exposure Fiber Exposure No. of with Pleural Radiographic

Quartile (fiber/cc-years) Workers Change* (%)* Crude OR 95% Cl
First 0.005-0.24 108 4 (3.7) Reference —
Second 0.25-0.74 108 15 (13.9) 4.19 1.34-13.08
Third 0.75-1.91 108 20 (18.5) 591 1.95-17.93
Fourth 1.92-19.03 107 41 (38.3) 16.15 5.53-47.17
Total 431 80 (18.6)

Definition of abbreviations: Cl = confidence interval; OR = odds ratio.
* The 80 workers with pleural radiographic changes included 68 with localized (85%) and 12 with diffuse pleural thickening

(15%).

¥ Assumes nonparticipants have no pleural radiographic changes.

* Significant trend, P < 0.001.
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TABLE 3. PREVALENCE OF PLEURAL RADIOGRAPHIC CHANGES* ACCORDING TO QUARTILES OF
CUMULATIVE FIBER EXPOSURE IN 280 PARTICIPANTS

Range of Amphibole

No. of Workers

Exposure Fiber Exposure No. of with Pleural Radiographic

Quartile (fiber/cc-years) Workers Change (%)" Crude OR 95% CI
First 0.01-0.28 70 5((.1) Reference —
Second 0.29-0.85 72* 17 (24.6) 4.02 1.39-11.60
Third 0.86-2.20 68* 10 (29.4) 5.42 1.90-15.46
Fourth 2.21-19.03 70 38 (54.3) 15.44 5.55-42.98
Total 280 80 (28.7)

* The 80 workers with pleural radiographic changes include 68 with localized (85%) and 12 with diffuse pleural thickening

(15%).
T Significant trend, P < 0.001.

* Two observations in the second quartile and two in the third quartile had exact exposure values at the 50th percentile cutoff
point. Rounding put these four observations into the second quartile.

Participants with localized pleural changes only and no re-
ported commercial asbestos exposure (56) had significantly higher
(P < 0.01) mean CFE (SD) level compared with the 181 par-
ticipants with normal chest radiographs and no reported com-
mercial asbestos exposure: 3.45 (4.95) fiber/cc-years (median,
1.52) and 1.55 (2.89) fiber/cc-years (median, 0.62), respectively.
Comparing the higher exposed quartiles to the reference quar-
tile, there remained a significant trend (P < 0.001) of increasing
localized pleural changes with increasing CFE, with a prevalence
of 6.7% (4), 18.6% (11), 28.8% (17), and 40.7% (24) (data not
shown). Crude ORs were significant for the third (CFE range,
0.84-1.88) and fourth (CFE range, 1.88-19.03) exposure quartiles.

Hire date and age of the participants also were significantly
associated with pleural changes (P < 0.001) (Table 4). Partic-
ipants hired on or before 1973 were more likely to have pleural
changes (37.6%) compared with 10.6% for those hired after
1973 (crude OR, 5.07; 95% CI, 2.47-10.41). Furthermore,
participants 60 years or older had significantly increased odds
of pleural changes compared with those 40 to 49 years old. Also,
within both the <1 and =1 fiber/cc-year categories, prevalence
of pleural changes increased with age (Figure 1). The highest

prevalence in the <1 and =1 fiber/cc-year categories were in the
60+-year-old age groups at 38 and 47%, respectively.

Figure 2 depicts the association between pleural changes in
participants and CFE using different regression models. The
ORs and 95% Cls are shown for each exposure quartile, with
the first quartile as reference. Each model demonstrates the
same trend: increasing pleural changes with increasing CFE.
Lack of multicollinearity was reflected in the stable results of
the modeling, with the exposure-response relationship remain-
ing the same as different models were constructed. No signif-
icant interactions were found. Hosmer-Lemeshow, Pearson, and
Deviance goodness-of-fit tests for all models indicated that the
assumptions were met.

Diffuse Pleural Thickening

Among the 80 participants with pleural changes, 12 (15%)
demonstrated diffuse pleural thickening, 8 unilateral and 4
bilateral, and 2 of these had concomitant interstitial changes.
The mean CFE (SD) for the 10 with diffuse pleural thickening
alone was 8.99 (5.16) fiber/cc-years, and was significantly greater
(P < 0.001) than in the 198 participants with no radiographic

TABLE 4. PREVALENCE OF PLEURAL RADIOGRAPHIC CHANGES* IN 280 PARTICIPANTS ACCORDING

TO VARIOUS COFACTORS

No. of Workers with Radiographic

Variable No. of Workers Pleural Changes (%) Crude OR 95% Cl P Value
Hire date

Hired on or before 1973 186 70 (37.6) 5.07 2.47-10.41  <0.001

Hired after 1973 94 10 (10.6) Reference — —
BMI,T kg/m?

<249 28 8 (28.6) Reference — —

25-29.9 101 31 (30.7) 1.1 0.44-2.79 0.52

=30 110 27 (24.5) 0.81 0.32-2.06 0.43
Smoking history (ever smoked)*

Yes 184 55 (29.9) 1.21 0.70-2.11 0.50

No 96 25 (26.04) Reference — —
Age at time of interview, yr

40-49 55 50.1) Reference — —

50-59 116 28 (24.1) 3.18 1.16-8.76 0.03

=60 109 47 (43.1) 7.58 2.80-20.49 <0.001
Sex

Female 16 1(6.3) Reference —

Male 264 79 (29.9) 6.40 0.83-49.32 0.07

Definition of abbreviations: BMI = body mass index; Cl = confidence interval; OR = odds ratio.
* The 80 workers with pleural radiographic changes included 68 with localized (85%) and 12 with diffuse pleural thickening

(15%).

T'n = 239 for BMI due to 38 persons undergoing phone interview and 3 persons with onsite interviews who were not measured

for height and weight.

* Smoking history as recorded in 2004 questionnaire. Of these 280 participants, 20 persons reported never smoking in the
1980 questionnaire but subsequently reported a history of smoking in the 2004 questionnaire (either current or ex-smoker).
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=S 30% | Figure 1. Prevalence of pleural radiographic changes
8 including localized and diffuse pleural thickening by
c age and cumulative fiber exposure (<1 and =fiber/cc-
E = years). Dark gray bars = fiber/cc-years < 1; light gray
g 20% [ - bars = fiber/cc-years = 1; black bars = proportion of
diffuse pleural thickening. Numbers above bars =
(8/0) localized/diffuse; numbers below bars = total number
10% 470 —  of participants in each category.
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changes at 1.48 (2.78) fiber/cc-years. The mean CFE of these 10 DISCUSSION
participants was also significantly greater (P < 0.001) than the
64 participants with localized pleural changes alone, which was
3.37 (4.84) fiber/cc-years. Of these 10 participants, removal of
2 participants who reported commercial asbestos exposure

The unprocessed vermiculite ore mined until 1990 in Libby,
Montana, contained 0.1 to 26% naturally occurring amphibole
fibers (11, 12). Historically, these amphibole fibers were typi-

resulted in a similar mean CFE of 8.00 (5.32) fiber/cc-years. cally characterized as “tremolite” or “soda-tremolite” asbestos
(13). Additional characterization with improved technology in
Interstitial Changes conjunction with newer mineral classifications indicates that

Eight (2.9%) participants had interstitial changes versus one ~ these fibers vary in chemical composition, including within
(0.2%) participant in the original 1980 study (6). These eight a single fibrous partlcle,.and‘ are .best gescrlbed in dqcreasmg
individuals were older (mean age, 78.5 yr; SD, 6.6) and six of order .of abundance as winchite, richterite, and tremolite (13)
eight smoked cigarettes (mean pack-years, 41.1; SD, 28.2). The This follow-up study of workers who processed Libby
median profusion scores for each of these eight participants vermiculite ore demqnstrates a significant increase in pleural
were as follows: 1/0 (for one participant), 1/1 (for three  changes, from 2.0% in the 1980 study to 28.7% in 2005 (6).
participants), 2/1 (for one participant), 2/2 (for one participant), ~ Fleural changes are directly related to CFE, with the greatest
2/3 (for one participant), and 3/2 (for one participant). Their prevalence (54.3%) in the highest exposure quartile (range,
mean CFE (SD) of 11.86 (6.46) fiber/cc-years was significantly 221-19.03 fiber/cc-years) of participants. Regression models
greater compared with the 198 participants with no radiographic ~ consistently demonstrate an exposure-dependent relationship
change (P < 0.001), and the 64 with only localized pleural at low CFE levels. With an additional 25 years after cessation
changes (P < 0.001). Of these eight, there were two with diffuse of exposure to Libby vermiculite, the prevalence of pleural
and four with localized pleural thickening, and one reporting changes increased with age, including in those workers with less
commercial asbestos exposure. All eight with interstitial changes than 1 fiber/cc-year lifetime CFE as reflected in Figure 1. An
occurred at the 72% or greater maximum CFE range, with six increase in interstitial changes was also noted from 0.2% in 1980

occurring at the 90% or greater range. Removal of the one to 2.9% in 2005 (6).
individual with reported commercial asbestos exposure did not These types of radiographic changes are predominantly due
appreciably change the mean CFE at 11.37 (6.82) fiber/cc-years. to past exposures to commercial asbestos in the workplace.
100.0 )
430 444 300
320 275 -
182 187
155 154
16 1654 o7 128 13 17.0 BT
100 4 ) 100 107 T Figure 2. Ass.ociaFion of pleural radiogrgphic changes
e 76 694 with cumulative fiber exposure, according to models
© o 54 0 . 49 including various cofactors. BMI = body mass index;
% 55k 4 ° 30 ¢ 4811 356 4 CFE = cumulative fiber exposure in quartiles; hire =
3 34 26 date of hire. For each model, CFE quartiles 2, 3, and 4
o 19 . 1 are represented in sequential order. Odds ratios with
1.0 —t= -0 3 I '0 3 12 95% confidence intervals are represented on a log
B 08 " 1l -+ scale.
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Studies of U.S. populations with no reported asbestos exposures
have found a low prevalence of pleural changes, ranging from
0.2 to 1.8% (14, 15). National Health and Nutrition Examina-
tion Surveys (NHANES) I and II evaluated radiographs from
two temporally distinct cross-sections of the U.S. population
with unknown exposures (16, 17). NHANES II indicates an
overall prevalence of 3.9% for localized pleural changes (pla-
ques) among those aged 35 to 74 years (17). This prevalence
almost doubled from the 1971-1975 to the 1976-1980 cohort
(17). Within our study, a similar background prevalence at 3.7%
was identified within the lowest exposure quartile (<0.24 fiber/
cc-years) using a conservative analytical approach through
inclusion of participants and living nonparticipants, with the
latter assumed to have normal chest radiographs. The preva-
lence increased to 13.9% within the second lowest exposure
quartile (range, 0.25-0.74 fiber/cc-years).

Pleural changes are the most common sequelae of asbestos
exposure (18-20), most commonly appearing 20 to 30 years
after initial exposure (18, 19, 21, 22). Pathologically, localized
pleural changes or pleural plaques appear as a “basket weave”
pattern of acellular hyalinized collagen involving the parietal
pleura (21). Diffuse pleural thickening, which can involve the
visceral pleura (23), was demonstrated in 4.3% of participants.
This finding was similar to the 6.1% prevalence found in a study
of asbestos-exposed sheet-metal workers using the same classi-
fication definition as our study (24).

Interstitial changes (irregular opacities) were demonstrated
in 2.9% of participants and were significantly related to CFE.
These types of changes are typically seen after significant and
prolonged occupational asbestos exposures (25-28). Both age
and cigarette smoking are potential confounding factors in
regard to classification of irregular opacities at the <1/1 pro-
fusion category (29). Confounding is unlikely in this study
because two participants with profusion scores of 1/1 were
never-smokers, six of eight had pleural changes, and all eight
were in the higher CFE range. Previous predicted thresholds of
CFE for the occurrence of interstitial changes ranged from 25 to
100 asbestos fiber/cc-years (27). The mean CFE (SD) of those
with interstitial changes in our study with no reported commer-
cial asbestos exposure was 11.37 (6.82) fiber/cc-years. In an
unexposed U.S. population of 1,422 blue-collar employees,
Castellan and colleagues demonstrated interstitial changes
(profusion = 1/0) in 0.2% of employees based on a similar
methodology using three B readers (14). A meta-analysis of
published North American chest radiographic data regarding
small opacities in unexposed populations yielded a prevalence
of 1.6% (95% CI, 0.6-2.6%) (30).

Potential cofactors examined were age, BMI, sex, and hire
date. Older workers usually have longer employment duration,
and therefore a higher CFE and longer latency from initial
exposure. BMI is a potential cofactor because subpleural fat can
mimic pleural thickening (31). This was not the finding in our
study because the percentage of distribution of pleural changes
was evenly distributed across all BMI categories (Table 4).
Because women are more likely to have lower exposure jobs,
sex was examined. Finally, hire date was examined due to
decreased fiber exposure by 1974 with the implementation of
environmental control measures (6). Both hire date and age
were significantly associated with increased pleural changes and
increased CFE (P < 0.001). After placing all cofactors in
the model, there was still a consistent relationship between
CFE and pleural changes, both in the overall model and within
the exposure quartile model (Figure 2). This relationship per-
sisted after removal of all participants and living nonpartici-
pants with a history of potential past commercial asbestos
exposure.

An increased prevalence of chest radiographic changes has
been identified in the vermiculite miners and millers of Libby,
Montana. McDonald and colleagues calculated the mean CFE
of current workers at 40 fiber/cc-years, with a prevalence of
interstitial changes and pleural thickening of 9.1 and 15.9%,
respectively (32). For past workers, the mean CFE was 119
fiber/cc-years and the prevalence of interstitial changes and
pleural thickening was 37.5 and 52.5%, respectively (32).
Amandus and colleagues in a similar study estimated the mean
CFE at 119 fiber-years, with interstitial changes and pleural
thickening in 10 and 13%, respectively (33). These studies indi-
cate that high exposure to Libby amphibole fibers leads to
radiographic changes. On the basis of our study, it appears
pleural changes can occur at low lifetime cumulative fiber ex-
posure levels as demonstrated by the 12% prevalence within
participants and living nonparticipants with less than 1.92 fiber/
cc-years CFE, and 20% prevalence within participants with less
than 2.21 fiber/cc-years CFE.

The Agency for Toxic Substances and Disease Registry
studied 6,668 people who lived in and around Libby for at least
6 months before December 1990, including those ever em-
ployed in the vermiculite mining and milling operation (34).
The prevalence of pleural changes was 17.8% overall and 51%
in miners and millers (34). Interstitial changes were demonstrated
in less than 1% of the subjects (34). Progressive losses in lung
function also have been reported in 123 Libby residents with
and without occupational exposure who had predominantly
pleural changes with minimal to no interstitial changes (35).

Mortality studies of Libby miners and millers have shown
significant increased mortality due to asbestosis, lung cancer,
cancer of the pleura, and mesothelioma (36, 37). Of particular
interest in relationship to the results of our study were the
findings by Sullivan of a significant excess mortality from non-
malignant respiratory disease in those workers with less than 4.5
fibers/cc-years of cumulative exposure (38). Also, those workers
employed for less than 1 year demonstrated a significant in-
creased mortality from both nonmalignant respiratory disease
and lung cancer (38).

A potential limitation of this study was participation bias.
Although age was similar between participants and nonpartici-
pants, those hired on or before 1973 were more likely (P < 0.01)
to participate. Therefore, there could be less confidence in the
prevalence of pleural changes by quartile of exposure, espe-
cially for the workers with the lowest exposure. Inclusion of all
living nonparticipants with the assumption that their radio-
graphs were normal did not change the finding of a significant
trend of increasing pleural changes across increasing exposure
quartiles. Consequently, participation bias with respect to dis-
ease prevalence is likely negligible.

A second limitation is potential misclassification of exposure
due to limited industrial hygiene data at the facility on which
both the 1980 and the follow-up studies were based (6). Re-
ported extensive overtime by workers was not taken into con-
sideration in dose reconstruction, resulting in potential under-
estimation of exposure. These factors would have an impact
particularly at the lower range of the CFE. There were no ex-
posure data before 1972 and personal monitoring was not
implemented until 1976 (6). After 1980, Libby vermiculite was
no longer used at the manufacturing facility. Despite these
limitations, the demonstration of a nonsignificant trend between
pleural changes and increasing exposure quartiles in workers
hired after 1973, when there was more comprehensive environ-
mental measurement, is supportive of the finding of pleural
changes at low CFE levels. These results are especially relevant
given that all the living nonparticipants in the analysis were
considered as having normal chest radiographs.
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Ores from other mines, reportedly containing no or minimal
amphibole fibers, were used until 2001 when vermiculite was
removed from all products (38). If, in fact, these ores contained
amphibole fibers, this would result in underestimation of ex-
posure. In 2000, an evaluation of the facility by the National
Institute for Occupational Safety and Health found 0.02 fiber/cc
for the vermiculite expander operator averaged over 8 hours
(39). The combined sample results for all other jobs or general
work areas were below detectable concentrations (39).

Another limitation is that this study may underestimate the
prevalence of pleural and/or interstitial changes, particularly in
the older workers, due to nonparticipation related to either
illness or death. This observation is supported by the finding
that deceased workers, with a mean age of 74 years, had the
highest mean CFE at 3.31 fiber/cc-years. A further limitation is
related to potential variability and observer agreement in the
reading of chest radiographs. This issue was evaluated for two
of the three participating B readers in a related study (40),
which demonstrated good intrareader reliability with kappa
statistics ranging from 0.47 to 0.68.

While in operation, the Libby mine may have provided as
much as 80% of the world’s vermiculite supply (4). Much of it
was used in attic insulation products like Zonolite (41). An EPA
evaluation of vermiculite attic insulation found amphibole fiber
exposures ranging from 0.0133 to 0.4053 fiber/cc during 30
minutes of various home repair or remodeling activities that
disturb the insulation (42). If these data are extrapolated to an
8-hour TWA, this average can result in airborne exposures
exceeding the Occupational Safety and Health Administration
permissible exposure level of 0.1 fiber/cc for regulated asbestos
(42). Given the widespread use of vermiculite attic insulation,
this finding has prompted federal health warnings (43, 44). The
results of our study are supportive of the EPA precautionary
recommendations. The investigative team involved with this
study in concert with investigators from region 8 of the EPA are
pursuing additional potential exposure information to validate
and refine the CFE matrix used in this cohort investigation.

Conclusions

These results indicate that exposures to winchite, richterite, and
tremolite amphibole fibers among users of Libby vermiculite
ore within an industrial process cause pleural thickening at low
lifetime CFE levels of less than 2.21 fiber/cc-years. This is below
the lifetime CFE for a worker exposed to the current Occupa-
tional Safety and Health Administration permissible exposure
level standard of 0.1 fiber/cc for regulated asbestos in general
industry over a 45-year working life (4.5 fiber/cc-years) (45). In
Libby miners and millers, there has been an increase in
nonmalignant and malignant respiratory mortality as well as
in mesothelioma associated with exposure to these amphibole
fibers. Together, these findings raise public health concerns,
in view of the extensive distribution and use of Libby vermic-
ulite in commercial and residential applications throughout the
United States and elsewhere.
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Pulmonary Changes after Exposure to Vermiculite

‘Contaminated with Fibrous Tremolite'*

J. E. LOCKEY, S. M. BROOKS, A. M. JARABEK, P. R. KHOURY, R. T. MCKAY, A. CARSON,
J. A. MORRISON, J. F. WIOT, and H. B. SPITZ

Introduction

\’ermiculite is the geological name
given to a group of hydrated laminar
aluminum-iron-magnesium silicates. It
has the unique property of expanding
as much as 12 times its original size
with the application of heat between
427° and 1,093° C (1, 2). Unexpanded
vermiculite is mined mainly in Mon-
tana, Virginia, and South Carolina in
the United States, and in South Africa,
and it is shipped to approximately 47
regional expander plants located in 30
states. The domestic uses of expanded
vermiculite relate to its fire resistance,
insulation, and ion exchange proper-
ties, but, additionally, it is used as a soil
additive, animal feed bulking agent,
and as a carrier for various chemicals,
including herbicides, insecticides, fun-
gicides, and fertilizers (2).

Investigations of some of the unex-
panded vermiculite ore have demon-
strated contamination of the ore with
fibrous minerals (3). Montana ore con-
tains a fibrous form of the amphibole
tremolite. Virginia and South Carolina
vermiculite ore contain a type of tremo-
lite that, when milled, tends to form
cleavage fragments that have fibrous
characteristics with low length-to-width
aspect ratios. South African ore is cur-
rently felt to be free of amphibole or
cleavage fragment contamination (4).

A rurally located company that pro-
cessed mainly Montana vermiculite ore
to its expanded form for use as an inert
carrier for herbicides and fertilizers
reported a cluster of 12 cases of pleural
effusions of unknown origin among
their employees over a 12-yr period.
Environmental sampling of work areas
revealed airborne fibers believed to be
tremolite. There was concern that the
observed cluster of pleural effusion
cases represented manifestations of
exposure to the fibrous contamination
of the vermiculite. The present study
was undertaken to assess the respira-

852

SUMMARY Woarkers exposed lo vermiculite contaminated with fibrous {remolite were surveyed
for the presence of respiratory symptoms by questionnaire, gnd for pneumoconiosis by chest
radiograph. Pulmonary function was measured by spirometry and single-breath carbon monox.
tde diffusing capaclty (DLcosb) Flber exposure Indexes, expressed as fiber/ml-yr, were derived
for each worker from avallable industrial hyplene data and work histarles. The sstimated cumuls-
tive exposure for the work force ranged from 0.01 to 8¢ fiber/imlyr. Discriminant snalysls dsmon-
strated significant correlates with shortness of breath and pleurdiic chest paln to cumutative
fiber exposure. The radlographlc changes wara ¥mited to pleural changes and lnvolved 4.4% of
tha population. Parametric and discriminant analysis demonstrated a signlficant correlation
with radiagraphlec changes and cumulstive fiber exposure. Thare were no correlations batwean
splrometry or Dlecsb and fiber exposure. Exposure to vermiculite contaminated with flbrous
tremolite can cause pleural changes In-occupationally exposed workers. This Is supported by the
previously Identitied 12 cases of benign pleura! efiusions in this working population and the
assoclation of pleura! radiographic changes and pleuritic chest symptoms with cumutative fiber

axposure. The lack of significant parenchymal radicgraphic, splromatric, snd DLcosb changes
ARt REV RESPIR DIS 1534; 123:952-850

most likely reflects the low cumulative fiber exposurs.

tory status of current workers exposed
to vermiculite contaminated with fi-
brous tremolite in this plant facility.

Methods
Study Popuilation

‘The study population surveyed included all
employees with a past history of vermiculite
exposture and a contro! group of employees
without such exposure. There were a total of
530 employees asked to participate in the
study; 9 refused and 9 were not available
because of vacation or iliness, giving a total
of 512 employees (97%) interviewed.

Medical Examination

All employees were interviewed by trained
personnel using 2 modified American
Thoracic Society (ATS) Respiratory Ques-
tionnaire (5). The major modifications of
the questionnaire were the inclusion of
questions pertaining to previous employ-
ment with asbestos and other fibrous
mineral exposure, questions about time
employed within various locations in the
facility, and questions relating to pleuritic-
type chest pain and illnesses with pleural
manifestations.

A limited physical examination was per-
formed on each employee for the presence
of late inspiratory rales (crackles) in 4 dif-
ferent chest locations and for the presence
of nail clubbing. :

Spirometry was performed using an
Ohio-Med B22 dry rolling seal spirometer
(Ohio Instrumeats, Pine Brook, NJ) with a
Spirotech 200 microprocessor (Spirotech,
Inc., Atlenta, GA). Tests were accomplished
according to ATS criteria using trained tech-

., nicians (5). Employees were retested at a

later date if they had had a respiratory in-
fection within the preceding 3 wk.

Tests performed were forced vital capaci-
ty (FVC), forced expiratory volume in one
second (FEV,), ratio of FEV, to FVC ex-
pressed as 2 percentage (FEV,/FVC%), and
forced expiratory flow during the middle
half of the FVC (FEF,,.,s). All results were
temperature corrected to BTPS. Results were
expressed as measured values and as per-
centage of predicted using the normal
values of Knudson-and coworkers (6).

(Received in original form June 29, 1983 and in
revised form Jonuary 10, 1984) )
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Carbon Moroxide Diffusing Capacity
Single-breath carbon monoxide diffusing
capacity (Drcosb), alveolar volume (Va),
and diffusing capacity per unit of fung vol-
ume (D1/VA) were obtained using a Collins
Modular Lung Analyzer® (Warren E. Col-
lins Co., Braintree, MA). All diffusion
measurements were conducted according to

- ATS criteria using trained technicians (5).

The diffusion carbon monoxide (CO) ana-
lyzer, helium meter, and Collins water scal
spirometer were calibrated every 3 h during
use. Employees were retested at a later date
if they had had & respiratory infection with-

. in the preceding 3 wk or had smoked within

1 h prior to testing. Tests were accomplished
in a seated position with a noseclip. Repeat
tests were performed after a minimum wait
of 5 min. Diffusion studies were accepted
only if inspired volume (Vi) was within 10%
of the best FVC (aAtrs). Acceptable breath-
holding time was between 8 to 12 5. Values
of Drcosb (ml CO [sTrp]/min/mmHpg) and
DL/VA (m! CO  (srep)/min/mmHg/L
(zTPs]) uscd were the means of 2 acceptable
values within 7% of each other. The test
results were expressed as measured values
and as percentages of predicted using the
normal values of Samet and coworkers (7).

Chest Radiographs
Chest radiographs taken in the postero-
anterior projection were obtained on all
cmployees. The radiographs were reviewed
by 2 board-certified radiologists (B readers)

“using & modification of the ILO U/C 1971

International Classification for Pneumo-
coniosis. The modification includes the
addition of grading criteria for radiographic
changes associated with asbestos exposure.
Radiographs were interpreted Independent-
ly, with random interspersion of control
films and without the radiologist’s knowl-
edge of the employee’s work history. Any
difference in interpretation was resolved by
consensus reading by a third reader. Radio-
graphs that could not be interpreted be-
cause of poor quality were repeated.

Environmental Measurements
The company first began using vermiculite

" in their facility in 1957. Industrial hygiene

sampling for airborne fibers using mem-
brane filters at & sampling rate of 2 L/min
was initiated in 1972, Particles with & length
greater than § um, 2 diameter less than 3
pm, and an aspect ratio of 3:1 or greater
were counted as fibers. Before 1976,
sampling was accomplished by industrial
hygiene personnel following an employee
with & sampling device, but after 1976, fiber
levels were obtained by industrial breathing
zone sampling.

Exposure indexes expressed as fibers/m!
were developed for each department, based
on an 8-h time-weighted average (TWA). A
separate index was developed before and up
through 1973 and for the period beginning
with and continuing after 1974. There was

¢ substantial reduction in airborne fiber
levels after the implementation of improved
enviroumental controls in 1973 to 1974. The
industrial hygiene values used to estimate
the < 1973 exposure index per department
were mean fiber values for the years < 1973
or the mean values from the year industrial
bygiene values were first avallable. The
> 1974 exposure index was developed in a
similar manner. The industrial hygiene
measurements initiated in 1972 became
more comprehensive in ensuing years. The
< 1973 exposure index most likely underes-
timates prior employee fiber exposure.

Collection filters- were analyzed by
polarized light microscopy with dispersion
staining. Additionally, fiber analysis was
done by scanning electron micrascopy with
energy dispersive X-ray analysis and trans-
mission electron microscopy with selected
arca electron diffraction.

After reviewing the industrial hygiene
and manufacturing process data, it was
epparent that the employees could be
divided into 3 main exposure groups repre-
seating 9 departments. Group I, with
flimited or no exposure to airborne fibers,
included workers in the chemical process,
research, and management departments.
Industrial hygiene measurements indicated
their were similar to background
Jevels for the local community. Group II
had low-level fiber exposure and included
central maintenance, packaging, and the
warchouse workers. Group III, with high-
level fiber exposure, included vermiculite
expanders, plant maintenance, and the pilot
plant. The 6-h TWA exposure indexes are
summarized in table 1.

The chemical processing facility that
employs the majority of workers in the
comparison group (Group [) was completed
in 1969 and was located one-quarter mile
from the vermiculite facility. Chemicels
used in this facility were the same as those

TABLE 1

DEPARTMENT FIBER EXPOSURE INDEXES
BASED ON AN 8-HOUR
TIME-WEIGHTED AVERAGE®

) <1973 > 1974
Exposure Exposure
Index index
Group |
Chemical process 0.049 0.049
Research 0.049 0.043
Front olfice 0.049 0.048
Group Il
Centra! maintenance 0.415 0.131
Packaging 0.250 0.031
Warehouse 0.110 0.110
Group M
Vermiculita expanders 151 0.375
Plant maintenance 1.264 0.212
1.264 0.212

* Fiber axposurs index for departmenis In study populs-
tion. Group | gre controls, Graup It are low fiber exposure
depariments, and Group it are high liber exposura depan-

(2. Values are Hib:

_Qoos
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used in the vermiculite facility, except ver-
miculite was not used a&s an inert carrier.
There was minimal rotation of job positions
between the chemical and vermiculite
facilities.

The work areas with the highest airborne
fiber exposurc were the vermiculite ex-
panders area and the vermiculite railroad
car and truck unloading areas. Fiber levels
increased when there were more vermiculite
expanders in operation and when Montana
vermiculite ore was used rather than vermi-
culite from other sources. Fiber levels in the
unexpanded vermiculite ore unloading areza
were recorded as high as 103 fibers/ml for a
S-min sampling period. During unloading
of the ore, high levels of fiber dust were
generated, but the peak levels rapidly de-
creased to concentrations less than 5 fi-
bers/ml by 15 to 20 min.

Exposure indexes were expressed in 3
ways: (I) cumulative fiber exposure (fiber/
mlyr), {2) time period from first exposure
(latency), acd (3) exposure groups, ie.,
Groups 1, 11, and III. Cumulative fiber ex-
posure for each individual! employee was
calculated from exposure values and length
of employment in each particular depart-
ment. The exposurc index was based on an
8-h TWA and 2 maximum of a 365-day
work year. Extensive overtime had been
scheduled at the facility, but more precise
estimates of past total work days per year
were not available. Employees with a cumu-
Iative fiber exposure of less than 1 fiber/ml-
yr were found to have fiber exposure equiv-
alent to the community population exposed
to ambient air. These employees acted as a
comparison group for the exposed popula-
tion.

Statistical Analysis

Discriminant analysis was performed on the
results of the questionnaire, physical exami-
pation, and rediographic data. The discrim-
inant analysis attempted to establish 2 rela-
tionship between 2 nominal dependent vari-
able (radiographic results) and independent
variables (cumulative fiber exposure, smok-
ing in pack-years, and age). Spirometry and
diffusion data were analyzed using analysis
of covariance after adjusting for height and
smoking in pack-years. The spirometry and
diffusion data were also divided into smok-
ing and exposure groups and reanalyzed in
a similar manner. Mean difference between
smoking groups and between exposure
groups within smoking groups were gna-
lyzed after adjustment for age and height.
The association between the radiographic
data and cumulative fiber exposure was
examined using a pair-matched analysis.
Each employee with radiographic findings
consistent with commercial asbestos fiber
exposure was matched by age with & second
employee with a normal radiograph. A
paired ¢ test and a nonparametric test, Wil-
coxon’s signed-rank test, were performed on
the difference in cumulative fiber exposure.
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Aesults
The mean age of all participants in the
study was 37.5 yr (range, 19 to 66 yr).
The ethnic distribution of participants

was 496 (96.9%) white, 12 (2.3%)

black, 2 (0.4%) Oriental, 1 (0.2%)
American Indian, and 1 (0.2%) Ameri-
can-born Hispanics. There were 480
males and 32 females. The high fiber
exposure group (Group [II) tended to
be older than the other 2 exposure
groups (p < 0.01). Of the entire group,
444% were current smokers, 20.3%
were ex-smokers, and 35.3% were never
smokers. There was no significant dif-
ference in smoking history between ex-
posure groups. Cumulative fiber expo-
sure was significantly higher in Group
III than in Groups I and II (p < 0.01).
Years of employment were significantly
greater in exposure Group Il than in
exposure Groups I and II (p < 0.05).
These data are summarized in table 2.

Questionnaire Data
History of respiratory illness with time
lost from work, chest injury or opera-
tion, phlegm production, wheezing
with colds, and previous fibrous miner-
al exposures in industry or hobbies
were not significantly related to age,
smoking in pack-years, or cumulative
fiber exposure. There was a significant
association between history of pneu-
monia, confirmed by a physician, and
age (p < 0.05). The prevalence of chron-
ic cough, defined &s cough 4 to 6 times/
day, 4 or more days/week for 3 consec-
utive months for at least 2 yr, was sig-
nificantly related to smoking in pack-
years (p < 0.05). Apart from colds,
wheezing or whistling present for at
least 2 yr, and without associated short-
ness of breath with wheezing or current
history of asthma confirmed by a phy-
sician, was significantly related to
smoking in pack-years (p < 0.05). Chron-
ic airway obstruction, defined as wheez-
ing most days or nights and/or Grade 3
dyspnea (stop for breath when walking
&t your own pace on the level), and/or
FEV./FVC% 60% or less, was signifi-
cantly related to smoking in pack-years
{p < 0.05). The prevalence of 2 or more
attacks of shortness of breath with
wheezing without a current history of
asthma confirmed by a physician was
significantly related to smoking in
pack-years (p < 0.05) and strongly re-

lated to cumulative fiber exposure (p <.

0.1).
Discriminant analyses indicated short-

ness of breath Grade ] (shortness of
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TABLE 2

AGE, SMOKING HISTORY, CUMULATIVE FIBER EXPOSURE, AND
YEARS OF EMPLOYMENT BY EXPOSURE GROUP

Group | Group I Group H!
NS EX cs NS EX cs NS EX cS

Number of :
Employees 4D 22 41 63 36 107 €9 48 T8
Age, yr

Mean 338 395 39.1 34.5 399 34.9 40.2 42.8 s

SE 1.7 25 1.8 15 20 1.1 1.4 1.7 13
Pack-years

Mean 0 131 186 ] 14.2 18.7 (1] 14.3 178

SE 29 2.1 23 1.3 2.0 15
Fiber/mi-yr - ———— -

Maan .0.35 0.57 0.50 - 118 1.56 097 6.51 . 7.55 6.05

SE 0.67 1.01 0.74 0.60 0.78 0.46 057 0.70 0.53
Years of emplocyment

Mean 6.8 13 10.5 84 133 as 12.2 13.0 10.7

SE 1.1 16 1.2 1.0 1.3 0.7 09 1.1 09

" Delinliion ol abbreviations: NS = never smoker; EX = sx-smoker, CS = current smoker.

breath when hurrying on the level or
walking up a slight hill) and Grade II
(walk slower than persons your own age
on the [evel because of breathlessness)
were significantly related (p < 0.05) to
both smoking history in pack-years and
cumulative fiber exposure. The preva-
lence of pleuritic chest pain lasting 6 h
or more with physician evaluation (fig-
ure 1) was significantly related to
cumulative fiber exposure (p < 0.05).

Physical Examination
Tke physical examination finding of
crackles heard on auscultation of the
chest was related to cigarette smoking
in pack-years (p < 0.05), whereas club-
bing of the nails was positively related
to age (p < 0.05).

Pulmonary Function Tests
There were no differences in mean spi-
rometry values or percent predicted

HISTORY OF PLEURITIC CHEST PAIN

2%
20%
1“5

0%

“.Lm === HHH

NS & C3 NS Ex C8 NS Ex C8

N 49 22 4 e 38 wr e 48 7

Group | Group B Group RI
Job Gategory

Fig. 1. Percentage of workers reporting pleuritic
chesl pain by exposure group and by cigareite
smoking history. Discriminant analysis indicates
8 significanl assoclation between cumulative
fiber axposure and history of chest paia (p < 0.05).
For definition of groups, see table 1.

_values in relation to cumulative fiber

exposure, time since first exposure, or
exposure group. Predicted values for
blacks were considered to be normally
10% lJower than a corresponding white
population. The prevalence of “restric-
tive lung defect” defined &s FEV,/FVC
ratio of equal to or greater than 70%
and FVC less than 80% predicted was
not shown to be significantly related to
cumulative fiber exposure. The FEV,,
FEV/FVC%, and FEF,,, showed
significant differences only between
smoking categories (p < 0.01). No sig-
nificant difference in FVC was found
for the various smoking categories.

There were no differences in mean
Dicosb or Di/Va values or predicted
values in relationship to cumulative
fiber exposure, time gince first expo-
sure, or job category. A significantly
low DLcosb was noted in smokers (p <
0.01).

Chest Radiographs
The results of the radiographic survey
included all employees with available
interpretable films; 501 of 512 (97.9%)
employees were reviewed. There were
479 (95.6%) with no significant radio-
graphic changes, 11 (2.2%) with costo-
phrenic angle blunting only, 10 (2%)
with significant pleural changes (thick-
ening, plaques, and/or calcifications),
and 1 (0.2%) individual showed paren-
chymal changes of bilateral, small, ir-
regular opacities (table 3). The mean
cumulative fiber exposure for the latter
11 employees (10 with pleural and 1
with parenchymal change) was 12.07
(range, 0.0 to 39.9 fiber/mi-yr). The
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TABLE 3  TABLE §
CHEST RADIOGRAPH CHANGES RADIOGRAPHIC CHANGES BY EXPOSURE GROUP*?
Type Grade® Group ¢ i Group It Group Il
Costophrenic angle blunting only, Results tny (%) Age* tn (%) Age* n) (W) Age*
11 employeas
Normal 104 072 354108 196 661 349+ 119 179 842 391 2 120
Pleural changes, 10 smployees Costophrenic angle
e ::’.’::::: :,':L‘;'L‘:s"'“ o biunting onty 1 10 855 S 25 4372130 S5 26 4103282
Gilateral pleural fhickening cr Pleuraliparenchymal
Left pleura thickening AN changest 2 10 487 =83 3 15 525238 6 32 851240
Bilateral pleural thickening B/ Combined changes 3 28 510 8 3¢ 50.7 11 58 487
Bilateral pleurat plaques m Total 107 204 190
I
El;‘:;::,ﬂf ::th‘:lckenlng ?;12 *1 = control group; il = low fiber exposure group, Iff = high fiber exposure group.
- 1 Values ars mean = 80.
Lelt pleural thickening Al % One smployee with bil ! smalf irreguiar s-lype opacities. This employee was In axp Group (L.
Left pleural plague on -
Right pieurat thickening cn
Smrt:::r'?;::?:':ckw x: ees with greater than 10 fiber/ml-yr difference in cumulative fiber exposure
Loty lem’: atoifioation "o ogey  CXposure, 12.5% had costophrenic (table 6) was noted between the 22
mm:m pleural thickening 1 angle blunting or pleural/parenchymal employees with abnormal radiographs
Bilateral pleural plaques 1" changes (table 4). Employces with and the control group (p < 0.041). The
Right diaphragm calcification Grade 2 greater than 10 yr of employment from results of thg nonparametric _analysxs
Parenchymal changes initial employment in exposure Groups (Wilcoxon's sign-rank test) indicated a
Bilateral small, kregutar 11 or I11 had an increased prevalence of strong trend toward an association be-
opacities Type & Perfusion 11 radiographic changes. Of 48 employees tween cumulative fiber exposure and

* Grade of pleural thickening width: A, < 5 mm; B, 8-10
mm; C, > 10 mm a! widest part of pleurat shadow. Grade
of pleura! thickening by ext 1 = dofinite ploura! thick-

sning in one or more places, such that the total tength did
not excead one half of the projection of one iateral wall;
2 = pleura! thickaning greater than Grade 1. Certalnty of
plaque: Q/1, possible present; 10, probably present; 11,
definitely p L. Grade of pleura! calcification by lota!
Jength: Grade 1 = < 20 mm; Grade 2 = 20-100 myn; Grade
3 = > 100 mm.

mean cumulative fiber exposure for
employees with costophrenic angle
blunting was 5.4 (range, 0.2 to 27.5
fiber/ml-yr).

There was an increased prevalence of
radiographic changes in employees with
1 to 10 and greater than 10 fiber/ml-yr
cumulative exposure in comparison
with the control group. Of 48 employ-

with 20 yr or more of employment,
11.1% had costophrenic angle blunting
or pleural/parenchymal changes. Em-
ployees ever employed in the low (Group
II) or high (Group III) fiber exposure
groups had a higher prevalence of radi-
ographic changes than did the control
group (table 5). The employees with
radiographic changes showing costo-
phrenic angle change only or pleural
changes were older (p < 0.01) than
employees with normal radiographs.
Because age could act as a confounding
factor in the observed radiographic
changes, an age-matched control study
was conducted. Each of 22 employees
with an ebnormal! chest radiograph was
matched by .age to an employee with a
normal chest radiograph. A significant

-

TABLE 4 )
RADIOGRAPHIC CHANGES BY CUMULATIVE FIBER EXPOSURE
Fiber/ml-yr
Controi* 1-10 >10
Results ) (%) Mm% (%
Normal 247 82.6 160 950 42 875
Costophrenic angls )
) blunting only 4 1.6 1 25 2 4.2
Pleural/psranchymal
changest o2 0.9 5 25 4 B4
Combined changes 8 24 10 80 8 1225
Total 253 200 48
* Less than 1 fibedimi-ye tota! axposure
t One empi yee with bilaleral smalt kregular s-type opacities. This smployee's cumulative ex-

posurs was 34 fibar/mi-yr.

significant pleural/parenchymal abnor-
malities (p < 0.098). An association was
noted using discriminate analysis be-
tween cumulative fiber exposure (p <
0.05), smoking in pack-years (p < 0.05),
and radiographic changes.

Discussion

This cross-sectional epidemiologic study
revealed a number of findings showing
a significant association with cumula-
tive fiber exposure: dyspnea on exer-
tion, pleuritic chest pain, and pleural
changes on chest radiograph. Further-
more, an apparent dose-response rela-
tionship between cumulative fiber ex-
posure and radiographic changes was
suggested.

The occurrence of dyspnea among
workers occupationally exposed to as-
bestos has been documented in previ-
ous studies (8-10). The presence of
dyspnea on exertion was associated
with cumulative tremolite fiber expo-
sure. This is in the face of 2 relatively
low cumulative fiber exposurc and a
relatively short latency period for the
work force. The association among cig-
arette smoking and the presence of
chronic cough, wheezing, and spiro-
metric evidence of air-flow obstruction
is expected and provides validation of
the questionnaire.

The observed association between
the presence of pleuritic chest pain and
cumulative tremolite fiber exposure is
an interesting finding. The presence of
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TABLE €

DIFFERENCES IN EXPOSURE (FIBER/ML-YR): PAIR-MATCHED ANALYSIS
{NORMAL VERSUS ABNORMAL RADIOGRAPH) AND
PARAMETRIC ANALYSIS (PAIRED ¢ TEST)*

- Exposure: Flber/mlyr

Costophrenke Angle  Fleural/Parenchymal
Blunting Only Changet- Both
(n=117 palrs) {n=11 pairs) {n = 22 palrs)
. Mean difference 3.0 8.6 58
SD 97 14.7 125
p 0.232 0.082 0.041
* Casss were sach matched by age wilh who had } radiograph

t0One smployee wilh bilateral sma!l irregular s-type opacilties.

pleuritic chest pain was documented if
the employee was evaluated by a physi-
cian, and no specific medical or surgi-
cal cause for chest pain was identified.
Pleuritic chest pain was examined be-
cause it can be a clinical manifestation
of inflammation involving the parietal
pleura. Irritation of pleura surface by
inhaled fibers is a postulated mecha-
nism for the occurrence of pleural effu-
sion and plaque formation. A recent
hypothesis suggests that the fibers
reach the parietal pleura by lymphatic
drainage. Macrophages within the pari-
etal pleural engulf fibers and stimulate
submesothelial fibroblasts with subse-
quent pleura plaque formation (11, 12).
In cither case, the resulting inflamma-
tion from pleursal irritation may cause
pleuritic chest pain, possible bloody
pleural effusions and, eventually, pleu-
ral thickening or pleural plaque forma-
tion.

The pleural changes noted on chest
radiographs of workers exposed to air-
borne fibrous tremolite are consistent
with the pleural changes seen with com-
mercial asbestos exposure (11, 13-16).
In the present study, the prevalence of
these pleural changes increased with
duration of exposure, time since initial
exposure, and high exposure group, and
were dose related. The absence of sig-
nificant parenchymal changes (i.c., as-
bestosis-fibrosis) and a higher percen-
tage of pleural changes most likely
reflect the short interval since initial
exposure and the low cumulative fiber
exposure. In any event, the presence of
a greater prevalence of pleural disease
among the population exposed to ver-
miculite contaminated with fibrous
tremolite is supported by the following
observations: (I) cluster of 12 cases of
benign pleural effusion, (2) higher
prevalence of pleural changes on chest
radiographs, (3) age-matched control

study revealing greater tremolite fiber
exposure among workers with pleural
changes on chest radiographs, and (4)
higher prevalence of pleuritic chest
pain in exposed employces.

The lack of association between sim-
ple spirometric and DLcosb measure-
ments and fiber exposure most likely
reflects the low cumulative fiber expo-
sure and short interval period. Simple
spirometric measurements have been
shown to be sensitive indicators of the
toxic effects of cumulative asbestos
exposure. The Dircosb changes are not
asbestos-dose related and are less sensi-
tive than spirometry (17-19). The level
of cumulative fiber exposure needed to
cause a change in spirometric values is
greater than the exposure levels reported
in the present study. Weill and col-
leagues (18) reported decrease in lung
function after 100 mppcf-year dust ex-
posure, while Becklake and colleagues
(19) showed an effect at a cumulative
dust exposure index of 10 to 100 mppcf-
year. Berry and Lewinsohn demonstrated
a 12.1% reduction for FEV, and 10.6%
reduction for FVC per 100 fiber/cc-
years (20).

The cumulative fiber exposure in this
study was low compared with that in
other studies. Only 9.6% of the em-
ployees had greater than 10 fiber/ml-yr
exposure; 10.7% had been employed 20
yr or more since initial exposure. The
highest cumulative fiber exposure for
any employee was 39 fiber/ml-yr. It is
likely that the exposure level reported in
this study underestimates the actual
cumulative fiber exposure. No indus-
trial hygiene data were available before
1972; the lower fiber values after 1974
reflect improved environmental con-

trols within the facility. Additionally,.

personal sampling, which more ade-
quately reflects individual exposure,
was not introduced until 1976.
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Nonmalignant pleural changes asso-
ciated with asbestos exposure include
pleural plaques with or without calcifi-
cation, bilateral pleural thickening,
progressive pleural fibrosis (21-23),
pleural effusions, and pleural thicken-
ing, with costophrenic angle involve-
ment or costophrenic angle blunting
alone as residual findings of a previous

-pleural effusion (15, 24). The preva-

Ience of pleural changes commonly
exceeds that of asbestos-related inter-
stitial fibrosis (25, 26). The prevalence
of pleural plaques, calcification, and
thickening is related to duration of
asbestas exposure, time since onset of
exposure (10, 17, 27-29), and possible
cumulative fiber exposure (30, 31). The
occurrence of pleural effusions may
be an early manifestation of asbestos
exposure (15, 32).

The majority of asbestos-related
pleural changes have a latency period
of more than 20 yr from initial expo-
sure (28). However, pleural changes are
scen in workers with short durations of
asbestos exposure. Studies of asbestos
insulation workers (21), Navy shipyard
workers (26), houschold contacts of
amosite asbestos workers (10), and
Quebec chrysotile mine and mill work-
ers (24) support this observation.

Benign asbestos-related pleural effu-
sions arc now recognized to cause pleu-
ral change including greater than 50%
rate of residual pleural thickening and
greater than 90% of residual costo-
phrenic angle blunting. The occurrence
of asbestos-induced pleural effusion
appears to be dose related and repre-
sents, in one study, the most common
manifestation of asbestos exposure in

the initial 20 yr since first exposure (15).

In the current study, 7 employees were
still employed with previously docu-’
mented benign pleural effusions. Of
these 7, four had residual pleural
changes, including 2 with unilateral
costophrenic angle blunting, 1 with
bilateral costophrenic angle blunting,
and 1 with bilatera) pleural thickening
and pleural plaques. These 4 were in-
cluded in the total of 22 employees with
pleural changes noted in chest radio-
graphs.

The prevalence of pleural thickening
and pleural calcification in a rural pop-
ulation of midwestern dairy farmers
without occupational exposure to fi-
brogenic dust was found to be 0.9%
and 0.0%, respectively. The prevalence
in & New Jersey urban population was
1.2% for pleural thickening and 0.0%
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for pleural calcification (21). The pre-
dictive value for bilateral pleural thick-
ening as an indicator of previous possi-
ble asbestos exposure with exclusion of
known medical or surgical etiologies
was recently found to be 81% (23).

A careful review of all chemical and
physical agents used at the plant facility
failed to identify any substance known
to be associated with pleural radio-
graphic changes. A few of the chemi-
cals could cause acute pulmonary in-
jury after exposure to high concentra-
tions. The study and control populations
were evenly matched for exposure his-
tory, except for the presence or absence
of exposure to vermiculite contami-
nated with tremolite.

There are over 150 minerals that exist
in fibrous form and that are generally
expected to contain fibrous minerals
(3). The amphibole tremolite is a sili-
cate mineral found in commercial talc
deposits from New York state and in
vermiculite deposits within the United
States (4, 33). The size and shape of tre-
molite after undergoing crushing and

grinding in a milling process is fargely

dependent on the original crystalline
structure of the mineral. Tremolite can
occur in a fibrous form with high as-
pect ratios identical to commercial as-
bestos fibers or as cleavage fragments
with lower aspect ratios (34, 35). The
commercial talc deposits in New York
state contain varying amounts of tre-
mmolite and anthophyllite, both as cleav-
age fragments and as true fibers (33).
The vermiculite deposits from Mon-
tana contain a fibrous form of tremo-
lite, while the vermiculite deposits in
Virginia and South Carolina contain a
type of tremolite that forms predomi-
nantly cleavage fragments when milled
(4). Vermiculite itself does not exist in
a fibrous form, but pfates of vermicu-
lite can roll up on themselves as a scroll
and resemble fibers (36).

Tremolite is not mined or used as a
commercial asbestos. Therefore, no
working populations were exposed only
to tremolite. On the other hand, natural
exposure to tremolite does occur in cer-
tain rural populations. Pleural changes,
including plaques and calcifications,
have been reported in rural populations

of Czechoslovakia, Bulgaria, Finland, .

and Greece. These changes have been
attributed to tremolite and anthophyl-
fite fibers deposited in the local soil (37,
38). A recent epidemiologic report on
7,000 inhabitants around the town of
Cermik in southeast Turkey, where

local deposits of minerals containing
fibrous tremolite are used to make
whitewash and stucco, revealed an in-

- creased prevalence of pleural thicken-

ing and calcification and interstitial
pulmonary fibrosis (39).

Animal studies in rats with fibrous
tremolite administered by intraperito-
neal injection bave shown it to be both
fibrogenic and tumorgenic (40). Al-
though reported animal studies with
vermiculite are limited, 2 studies on the
use of South African vermiculite (gen-
erally believed to be free of tremolite)
did not show fibrogenic or tumorgenic
changes after intrapleural or intratra-
cheal injection (41, 42).

Exposure to fibrous tremolite that
contaminates certain vermiculite ores
can causc pulmonary abnormalities.
Identification of other minerals that
have similar fiber contamination and
recognition of the potential health
implications are critical issues in occu-
pational and pulmonary medicine. Just
as important is the recognition that not
all amphiboles exist in fibrous forms.
The biologic activity of tremolite that
forms cleavage fragments with low as-
pect ratios may be different from fi-
brous tremolite with high aspect ratios.
There are enormous health, economic,
and regulatory implications at stake in
these issues.
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